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ABSTRACT 


In this research, an electronic daughterboard to be used on the Microelectronics and 
Photonics Test Bed satellite was designed. A printed circuit board with radiation-hardened 
components was laid out to test various families of static RAM chips and an experimental 
Gallium-Arsenide integrated circuit. Computer-aided-design tools produced by Cadence Design 
Systems were used to logically and physically design the experiment. Output from the Cadence 
software provides the information necessary to fabricate, assemble, and test the board. 
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I. INTRODUCTION 


A. OVERVIEW 

In order to understand the effects of space radiation on several different new electronic and 
opto-electronic technologies, the Department of Defense (DoD) has scheduled a satellite launch to 
study the new devices. The satellite, the Microelectronics and Photonics Test Bed (MPTB), is a 
satellite payload that will be used to measure the effects of space radiation on microelectronic and 
photonic devices and subsystems. Changes in device characteristics caused by space radiation will 
be measured in a controlled experiment. Total Ionizing Dose (TID), Dose-Rate Effects (DRE), and 
Single Event Upsets (SEU) are phenomenon to be studied in the MPTB experiment. 
Experimental results will be transmitted to ground stations for further analysis and dissemination. 

This thesis documents the design of an experiment to test for memory errors caused from 
TID, DRE and SEU on high-speed integrated circuit (IC) memory chips of various logic families. 
The design contains a microcontroller to write test patterns to each memory chip and then monitor 
the integrity of the data. Detected errors will then be compiled and recorded. Addditionally, the 
experiment will be designed to control an experimental GaAs IC. The chip autonomously writes, 
tests, and compiles its own test data, but requires input to start and set internal clock speed. 
Finally, the output data of the experiment must be sent to the main control unit of the MPTB in 
order to be transmitted to a ground station. 

B. THESIS ORGANIZATION 

The goal of this thesis is to design a printed circuit board (PCB) with radiation-hardened 
components in order to test orbital radiation effects of the selected test chips and to relay this 
information to the main control package of the MPTB. Chapter II will present an overview of the 
radioactive environment of space and how this impacts semiconductor components. Chapter III 
discusses the MPTB satellite and daughterboard interfacing to the satellite. Chapter IV will 
discuss component selection and issues concerned with using the components together. Chapter V 
discusses connectivity and operation of the designed PCB. Chapter VI presents a summary of the 
Cadence Board Design tools. Chapter VII presents conclusions, future considerations, and 
requirements. 
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II. SATELLITE ENVIRONMENT 


A. RADIATION EFFECTS ON SEMICONDUCTORS 

1. TIDs, DREs & SEUs 

Ionizing radiation effects in space vehicle electronics can be separated into three areas: 
total ionizing dose (TID), dose-rate effects (DRE), and single event upsets (SEU). Each of these 
effects are distinct with respect to one another, however, the underlying result of all three effects is 
the malfunction of electronic components in orbit. Reference 2 contains an in depth summary of 
these problems. The remainder of this chapter shall point out the important aspects of effects. 

TID is the long-term degradation of electronics due to the cumulative energy deposited in a 
material. Effects include parametric failures or variations in device parameters such as leakage 
current, threshold voltage, etc., and functional failures. Significant sources of TID exposure in the 
space environment include trapped electrons, trapped protons, and solar flare protons. 

Another negative cumulative effect on semiconductor devices is caused by neutron 
bombardment. Neutrons and other high mass particles cause displacement damage from physical 
interaction with the silicon lattice. This damage results in decreased minority carrier capacity, 
increased junction leakage currents, and reduced carrier mobility. Significant numbers of neutrons 
are present during solar flare activity. 

DREs occur when a short-duration, high energy burst of radiation strikes a semiconductor 
and induces an electric current in the semiconductors substrate. The induced current is potentially 
sufficient to be destructive to electronic devices. One example of a DRE is latchup. Modem 
electronic components make extensive use of complementary field-effect transistors. An unwanted 
by-product of this technology is the presence of parasitic bipolar-junction transistors (BJT) at the 
well/substrate PN junction. A high energy burst of radiation can generate the necessary current to 
“turn-on” the parasitic BJTs. This effectively creates a short-circuit between power and ground, 
resulting in the disabling or destruction of the associated FET. 

SEUs occur when a single ion strikes the material, depositing sufficient energy in the 
device to cause a fault. SEUs may be divided into two main categories: soft errors and latchup. In 
general, a soft error occurs when a transient pulse or bit-flip in the device causes a detectable error 
at the device output. Therefore, soft errors are entirely device specific and are best categorized by 
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their impact on the device. Latchup may be physically destructive to the device, and can cause 
permanent or semi-permanent functional problems. 

2. Impact of Radiation Effects 

Device parametric and permanent functional failure are the principal failure modes 
associated with the TID environment. Since TID is a cumulative effect, total dose tolerances of 
devices are characterized as mean-time-to-failure (MTTF), where the time-to-failure is the amount 
of mission time until the device has encountered enough dose to cause failure. The mission orbit, 
launch date, and launch length determine the external radiation environment. The device exposure 
to this hazard is determined by the amount of shielding between the device and the external 
environment. 

The system-level impact of SEU depends on the type and location of the effect, as well as 
on the design. Permanent device failure is obviously of great concern. The effects of propagation of 
transient SEUs through a circuit, subsystem, and system are also of particular importance. For 
example, a device error or failure may have effects propagating to critical mission elements, such 
as a command error affecting thruster firing. There are also cases where SEUs may have little or 
no observable effect on a system. 

B. SOURCE OF ORBITAL RADIATION 

The main sources of radiation that contribute to TID, DRE and SEU are: 

• Protons and electrons trapped in the Van Allen belts. 

• Cosmic ray protons and heavy ions. 

• Neutron, protons and heavy ions from solar flares. 

The levels of some of these sources are affected by the activity of the sun. The solar cycle 
varies from a solar minimum to a solar maximum. An average cycle lasts about 11 ‘/ 2 years. A 
solar maximum lasts 1 to 2 years and is followed by a 3 to 4 year period of decreasing solar 
activity after which a solar minimum occurs. A solar minimum lasts 1 to 2 years and is followed 
by a period of increasing activity of 3 to 4 years. 

1. Charged Particles Trapped in the Van Allen Belts 

SEUs in high density electronic parts are primarily caused by proton bombardment in the 
Van Allen Radiation Belt. It is difficult to shield against high energy protons that cause SEU 
problems and contribute significantly to TID, within the weight budget of a spacecraft. The Van 
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Allen Radiation Belt is a region around the earth consisting primarily of positively charged protons 
and negatively charged electrons. The belt is divided into an inner and outer zone. The inner zone 
begins at a few hundred miles altitude at the equator to approximately 5,600 miles. The outer 
region extends from 7,200 miles out, to approximately 44,000 miles out [Ref. 3, p.3]. The particle 
density of the outer zone is higher by about an order of magnitude compared to the inner zone. An 
area of particular interest is the South America Anomaly (SAA). The SAA is a region of the Van 
Allen Belt where the lower boundary of the inner zone dips to a mere 50 to 100 nautical miles 
above the surface of the earth. Thus, even satellites in the lowest orbits are effected. The level of 
radioactive activity and the actual physical boundaries of the Van Allen Belt depend on particle 
energy and are affected by secular variation in the magnetic field, magnetic perturbations, local 
time effects, solar cycle variations, and individual solar events. 

2. Cosmic Ray Protons and Heavy Ions 

Galactic cosmic ray particles originate outside of the solar system. The flux levels of these 
particles are low, but because they include highly energetic particles of heavy elements such as 
iron, they produce intense ionization as they pass through matter. Cosmic ray particle population 
also varies with the solar cycle. The earths magnetic field provides spacecraft with varying degrees 
of protection from the cosmic rays, depending primarily on the inclination but also on the altitude 
of the orbit. The energy levels of galactic cosmic ray particles also vary with the ionization state of 
the particle 

3. Protons, Neutrons, and Heavy Ions from Solar Flares 

When solar flare activity is present, high concentrations of protons, neutrons, and heavy 
ions are present in earth orbit. The level of solar flare activity from the sun varies with the 11 V 2 
year solar cycle. The solar maximum is characterized by solar activity during which large flare 
events can occur. Events last from several hours to a few days and energies may reach a few 
hundred MeV. As with the galactic cosmic ray particles, the solar flare particles are attenuated by 
the magnetosphere of the earth. As with the high energy trapped protons, they are difficult to 
shield against. Therefore, in spite of their low numbers, they constitute a significant hazard to 
electronics in terms of SEUs. 
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4. Variation In Radioactive Exposure 

There are extremely large variations in the TID, DRE and SEU levels that a given 
spacecraft encounters, depending on its orbit through the radiation sources. Low Earth Orbit 
(LEOs) satellites pass through the particles trapped in the Van Allen belts several times each day, 
especially in the vicinity of the SAA. The amount of radiation that a satellite is exposed to during 
these passes varies greatly with orbit inclination and altitude. Highly Elliptical Orbits (HEOs) are 
similar to LEOs in that they pass through the Van Allen belts each day. However, because of their 
high altitude, they also have long exposures to the cosmic ray and solar flare environments 
regardless of their inclination. In Geosynchronous Orbits (GEOs), the only trapped protons that 
are present are below energy levels necessary to initiate the nuclear events in materials surrounding 
the sensitive region of the device that cause SEUs. However, GEOs are almost fully exposed to the 
galactic cosmic ray and solar flare particles. 
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III. MICROELECTRONICS & PHOTONICS TEST BED SATELLITE 


A. DAUGHTERBOARD EXPERIMENT DESIGN 

1. Overview 

The design project is a daughterboard experiment for the MPTB. The experiment is 
designed to test high-speed integrated circuit (IC) memory chips in the high radiation environment 
the MPTB is scheduled to fly in. The daughterboard will perform two primary functions. First, 
the daughterboard will write test patterns to memory chips, each of a different logic family. The 
test patterns will be continuously monitored for evidence of SEUs, DREs, and TID. Second, the 
daughterboard will control an experimental gallium-arsenide (GaAs) IC. Results will be compiled, 
stored, and sent to the MPTBs Core Electronics Unit for transmission to a ground station. 

2. High-Speed Logic 

The high-speed logic test is designed to compare memory ICs of different logic families for 
susceptibility to space radiation. The experiment is not designed to compare the access speeds of 
the different memory ICs. For the high speed logic experiment, a 256 x 4 gallium-arsenide (GaAs) 
static random-access memory (SRAM) IC and a 256 x 4 emitter-coupled-logic (ECL) SRAM IC 
were chosen to test. A 4k x 4 CMOS SRAM IC was added to provide a baseline for comparison. 

a. GaAs 

Gallium arsenide is the fastest logic technology with gate delays as low as 10 
picoseconds [Ref.l, p.970], GaAs technology utilizes field-effect transistors, but because the 
mobility of electrons for gallium-arsenide is five times that of silicon, GaAs gates are substantially 
faster then their silicon counterparts. GaAs ICs also consume considerably less power than CMOS 
circuits of comparable speed and functionality. Furthermore, it is also less expensive than ECL or 
BiCMOS, and it the fastest commercially available logic family. On the negative side, this 
technology suffers from a relatively narrow noise margin. 

b. ECL 

Emitter coupled logic is the fastest technology based on bipolar junction 
transistors. Gate delay for this logic is as low as 1 nanosecond [Ref. 4, p. 175], The disadvantages 
to ECL include high current levels, causing high power dissipation and heat buildup, which is 
difficult to dissipate. Another negative attribute of ECL is poor IC integration. Voltage levels for 
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this family are -5.2 and 0 volts for a logical one and zero respectively, making ECL chips 
compatible with CMOS and TTL only through the use of logic converters. 

a CMOS 

Complimentary metal oxide (CMOS) semiconductors are by far the most popular 
family of IC logic. Strengths of this family include very low power dissipation, the capability for 
very high degrees of integration, and low cost to manufacture. However, silicon FETs do not 
possess the gate speeds as other logic families. 

3. Experimental GaAs IC 

The GaAs experimental chip is semi-autonomous. The chip generates its own test patterns 
at eight different clock speeds, monitors itself for errors, and counts the number of SEUs that 
occur. The chip does require outside inputs to begin execution, select a clock speed, and latch 
results. 


B. MPTB FUNCTIONAL DESCRIPTION 

The MPTB consists of a central Core Electronics Unit (CEU) and three experiment panels. 
MPTB experiments occupy daughterboard slots on each panel. Up to eight daughterboards may be 
fitted on each panel. A block diagram is shown in Figure 1. 



Figure 1: MPTB Functional Layout 
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C. DAUGHTERBOARD INTERFACE WITH SATELLITE 


1. Connectivity 

The CEU manages overall operation of the MPTB, including sending telemetry to ground 
stations. Daughterboard experiments communicate with the CEU via Experimental Panel 
Controllers (EPC). Figure 2 shows a block diagram of the EPC. 



Figure 2: Experimental Panel Controller 

Connection from the EPC to the daughterboard experiment is made via a 96-pin connector 
( part # ELCO 10-8477-096-002-904 ). The pin assignments are tabulated on the next page in 
Table 1. 
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Pin 

Row A 

Row B 

Row C 

17 

-5.2 V 

-5.2 V 

-5.2 V 

18 

-5.2 V 

-5.2 V 

-5.2 V 

19 

-5.2 V 

-5.2 V 

-5.2 V 

20 

GND 

GND 

GND 

21 

GND 

GND 

GND 

22 

+15 V 

+15 V 

+15 V 

23 

-15 V 

-15 V 

-15 V 

24 

ANA_RTN 

ANAJRTN 

ANA_RTN 

25 

ANA_RTN 

ANA_RTN 

D/AREF 

26 

ANALOG 1 

ANA_RTN_S 

D/A_V 

27 

ANALOG2 

ANALOG7 

ANALOG 12 

28 

ANALOG3 

ANALOGS 

ANALOG 13 

29 

ANALOG4 

ANALOG9 

ANALOG 14 

30 

ANALOGS 

ANALOG 10 

Dosim_G 

31 

ANALOGS 

ANALOG 11 

DosimS 

32 

Temp_High 

Temp_rtn 

Dosim_D 


Pin 

Row A 

Row B 

Row C 

1 

ADDR0 

ADDR7 

DAT A0 

2 

ADDR1 

ADDR8 

DATA1 

3 

ADDR2 

ADDR9 

DATA2 

4 

ADDR3 

ADDR10 

DAT A3 

5 

ADDR4 

RD- 

DATA4 

6 

ADDR5 

WR* 

DATA5 

7 

ADDR6 

INT* 

DATA6 

8 

BDJSEL* 

INT_RESET* 

DATA7 

9 

unassigned 

RESET* 

unassigned 

10 

GND 

GND 

GND 

11 

GND 

GND 

GND 

12 

+5V 

+5V 

+5V 

13 

+5V 

+5V 

+5V 

14 

+5V 

+5V ! 

+5V 

15 

GND 

GND 

GND 

16 

GND 

GND 

GND 


Table 1: ELCO Connector Pin Assignments 

The panel controller provides both electric power and communication to the daughterboard 
via the ELCO connector. Power supplies of interest include V C c ( +5 V ), V EE ( -5.2 V ), and 
GND. Communication of data from the daughterboard is available via an 11-bit address bus and 
an 8-bit data bus. The eleven bit address defines an address space of two kilobytes of shared 
memory space. These signals, as well as the memory read and write strobes from the EPC 
microcontroller, are sent via Harris HCS245MS bus transceivers. Figure 3 on the following page 
details this operation. 
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Figure 3: Daughterboard Communication Circuitry 

These bus transceivers are mounted on the EPC motherboard. Output from the bus transceivers 
are connected to the 96-pin daughterboard connector. The DIR pins are tied to ground on the 
bottom two bus transceivers which sets the transmission direction from the panel controller side to 
the daughterboard side. The flow on the top transceiver is bi-directional. This DIR pin is tied to 
the EPC microcontroller read strobe to facilitate direction of data flow. 


2. Communication Resources 

Communication between the daughterboard and the EPC is accomplished via the address, 
data, read/write, and interrupt pins of the 96-pin connector. As indicated on Table 1, pins 5B, 6B, 
7B, 8A, 8B, and 9B are assigned to RD*, WR*, INT*, BDSEL*, INTRESET*, and RESET*, 
respectively. 

a. RD* and WR* 

These signals are individually driven low when the ECP microcontroller is reading 
from or writing to shared memory. 
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b. INT* 

The daughterboard can pull this line low to send an interrupt to the ECP 
microcontroller. The purpose of this is to tell the ECP that the daughterboard has data in shared 
memory to pass on. The daughterboard must not modify the data until the INT* line is reset by the 
ECP microcontroller. 

a INT_RESET* 

This line is driven low by the ECP microcontroller to reset a daughterboard INT* 
line. This is done when the ECP microcontroller has read the necessary data stored in shared 
memory. The ECP will keep this signal low until the daughterboard INT* line returns to a logical 
one level. 

d BD_SEL* 

This signal is driven low when the ECP microcontroller selects the daughterboard. 
From the time of the falling edge of this signal, the daughterboard has 657 nanoseconds [Ref. 2] 
until the EPC microcontroller takes control of the shared memory. 

& RESET* 

This signal is driven low by the ECP to reset all daughterboards. 

3. Communication Interface 

Data may be passed between the ECP and the daughterboard via two software protocols. 
Type 1 Interface and Type 2 Interface. Each interface is designed to be as modular as possible to 
facilitate the swapping of daughterboards if the need arose. 

a. Type 1 Interface 

Type 1 provides for a simple start/stop command structure. This protocol is 
envisioned for use on memory experiment daughterboards. It provides for recording the address 
range of a particular segment of a test and the test pattern used. It can report errors for specific 
addresses and error count for a time period. This method uses the INT* and INT_RESET* signal 
lines to control data flow. 
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b. Type II Interface 

This interface is designed for experiments that require more complex commands 
and/or will generate complex or variable error messages. Since the daughterboard for this thesis 
will most likely use Type I Interface, no further comment shall be made. 
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IV. DAUGHTERBOARD COMPONENT SUMMARY 


A. OVERVIEW 

Circuit board design begins with a conceptual idea or a design proposal. An important 
aspect of turning a design proposal into a working design is finding a suitable place to start. For 
the MPTB daughterboard design, the place to start was with the microcontroller. There are many 
microcontrollers and microprocessors available to choose from. However, the requirement that the 
microcontroller needs to be radiation hardened greatly narrows the list of choices. With a 
microcontroller chosen, one may proceed with basic needs: memory, address decoding, non¬ 
volatile storage, etc. The next element to be considered is communication with the daughterboard 
panel controller. As the protocol for accomplishing this is usually dictated by the controlling 
device, it simply remains to implement the necessary signals. Once this is complete, one may wire 
up the memory chips to be tested to the microcontroller bus and control signals. From the aspect 
of a memory experiment, the daughterboard is essentially complete. 

This chapter is dedicated to explaining the operation of the daughterboard. The first 
section will summarize the individual components on the board. Subsequent sections will explain 
the operation of various subsections of the design. 

B. SUMMARY OF DAUGHTERBOARD COMPONENTS 

From this point forward, the following convention shall be used. Pins with active-low 
signals will be designated with an asterisk. For example, a component with an active low chip- 
select pin, CS, shall be designated CS*. Datasheets for the following components are available in 
Appendix B. 

1. UT69RH051 Microcontroller 

The UT69RH051 is a radiation hardened CMOS microcontroller made by United 
Technologies Corporation (UTMC). The chip is based on the widely used Intel 8051 
microcontroller and uses the same MCS51 assembly language. It has four 8-bit programmable 
I/O ports numbered Port 0 to Port 3. Port 0 and Port 2 are usually used as a 16-bit address bus, 
allowing it to address 65 kilobytes of memory. Port 0, which comprises the low byte of the address 
bus, is multiplexed with the 8-bit data bus. Read and Write strobes on Port 3 control external data 
reads and writes. Finally, the UT69RH051 has two pins on Port 3 for external interrupts. 
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2. UT22VP10 

The UT22VP10 is a radiation hardened programmable array logic (PAL) made by UTMC. 
The TTL version was chosen because the it can source much more current to the outputs. This IC 
will be used to implement all random logic functions (AND, NAND, OR, NOR, NOT) in one IC. 
The UT22VP10 features up to eleven inputs and 10 outputs. 

3. HS138MS 

The HS138MS is a radiation-hardened 3-to-8 CMOS decoder made by the Harris 
Corporation. The purpose of this chip is to provide address decoding. The chip has three inputs 
(AO..2) and eight active-low outputs (Y7..0*). Chip select is accomplished via three enable inputs 
(El*, E2*, E3), allowing up to three separate signals to control the device. All outputs have 
logical ones written to them when any one of the enables is not set This IC will be used for address 
decoding for the various memories on the daughterboard. 

4. HCST541MS 

The HCST541MS is a radiation-hardened 8-bit tri-state buffer. This IC is used to isolate 
components on the data bus when those components are not selected. The ‘541 has an 8-bit input 
(A7..0), 8-bit output (Y7..0), and two output enable pins (OE2*,OEl*). The separate output 
enable pins allow for added flexibility for output control. 

5. HCS573MS 

The HS573MS is a radiation-hardened 8-bit CMOS latch made by Harris. The purpose of 
this chip is to latch the lower byte of the address of the microcontroller. Recalling that the lower 
address byte of the microcontroller is multiplexed with the data outputs, the latch grabs the address 
byte to prevent address timing difficulties that may be encountered when a microcontroller 
addresses different types of memories with their own unique timing characteristics. The 573 has 
an 8-bit input (D7..0) and an 8-bit tri-state output (Q7..0). Chip operation is controlled by an 
active-low output enable (OE*) and an active-low latch enable (LE*). The latch is logically 
transparent when latch enable is high. Inputs are latched on a high-low latch enable transition. The 
‘573 is functionally similar to the ‘373 latch commonly found on TTL/CMOS ICs. However, the 
‘573 features a “broadside” pinout; that is, all inputs on one side and outputs on the other. 
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6. HS-6664RH 

The HCS6664RH is a radiation-hardened 8k x 8 CMOS PROM made by Harris. The 
purpose of using this chip is to provide non-volatile memory storage for the daughterboard. The 
‘6664 features a 13-bit latched address input (A12..0) and 8-bit tri-state data outputs (DQ7..0). 
The chip may be programmed by setting program select (P*) low. Two other inputs, chip select 
(E*) and output select (G*), control overall chip functions and output functions respectively. 

7. HS-65647RH 

The HS-656457RH is a radiation-hardened 8k x 8 CMOS SRAM made by Harris. The 
purpose of the ‘65647 is to provide memory space for the microcontroller to do calculations. The 
chip features a 13-bit address input (A12..0) and 8-bit tri-state data output (DQ7..0). Control 
signals consist of two chip select pins (El*, E2), one output enable (G*), and one write enable 
(W*). 

8. HS-82C85RH 

The HS-82C85RH is a radiation hardened CMOS clock generator made by Harris. The 
purpose of the chip is to input an oscillating waveform and output a consistent, square-wave, clock 
signal. The chip has two crystal inputs (XI, X2). Three sets of control pins, a speed operation pin 
(FST/SLO), crystal/oscillator select pin (F/C), and three start/stop pins (S2..0) are used to control 
chip operation. Clock outputs are available in either a one-to-one ratio with the input (OSC) or a 
divide-by-three ratio with the input (CLK50). 

9. 100328 

The 100328 is an octal bi-directional ECL/TTL logic converter. A radiation hardened 
version is available from National Semiconductor. This IC is used to convert logic signals to and 
from the ECL memory chip to be tested on the daughterboard. Inputs/outputs (I/O) consist of eight 
TTL I/O pins (T7..0) and eight ECL I/O pins (E7..0). The logic level on the direction control pin 
(DIR) controls if the chip is in ECL-to-TTL or TTL-to-ECL mode. In either mode, outputs may 
be latched. The latch enable pin (LE) implements this function. Finally, a chip select pin (OE) 
enables the I/O pins. When not enabled, the ECL pins are cut-off and the TTL pins are tri-stated. 

10. F10422 

The F10422 is a 256 x 4 ECL SRAM made by National Semiconductor. This is one of 
four ICs to serve as experiment chips on the daughterboard. This chip has eight address inputs 
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(A7..0), four data inputs (D3..0), and four data outputs (03..0). Output from individual data pins 
may be individually selected via four-bit select (BS3..0). A write enable (WE*) determines if data 
inputs or outputs are active. 

11. VS12G422T 

The VS12G422T is a 256 x 4 GaAs SRAM made by Vitesse. This is another of the four 
components to be tested for the daughterboard experiment. This chip has eight address inputs 
(A7..0), four data inputs (D3..0), and four data outputs (03..0). A write enable (WE*) and an 
output enable (OE*) determines if the data inputs or data outputs pins are active. Chip select is 
accomplished via two pins (CS1*, CS2). 

12. IDT6168 

The IDT6168 is a 4k x 4 CMOS SRAM made by Integrated Device Technology, Inc. 
This chip is another IC to be tested for the daughterboard experiment. The chip has twelve address 
inputs (A11..0) and four data pins (1/03..0). Output is entirely controlled by the logic level on the 
write enable pin (WE*). Chip select is accomplished via a single pin (CS*). 

13. Experimental GaAs IC 

This chip is an experimental gallium-arsenide IC being designed at the Naval Postgraduate 
School. The IC is a semi-autonomous test package. The chip writes test patterns to its own flip- 
flops, and detects and counts SEUs. Input is needed from an outside controller to select one of 
eight clock speeds, begin execution, and read output results. Three clock select pins (SEL2..0) 
determine clock speed. A one-to-zero transition on the reset pin (RESET) zeros the two SEU 
counters and begins execution. A one-to-zero transition on two output control pins (READ_SR, 
READ_LFSR) latches the current SEU count in the respective counters into two 8-bit output 
registers (SR7..0, LFSR7..0). The chip also produces two counter overflow signals 
(SR OVERFLOW, LFSR_OVERFLOW) and one signal indicating operation has terminated 
(SEU_ON_RESET). 

14. ELCO 10-8477-096-002-904 

This connector is specified in the MPTB Interface Control Document as the connector for 
daughterboards. 
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15. Capacitors 

a. Phillips Surface Mount 

These capacitors are connected on all components between power and ground to 
filter off any AC current noise present from the switching of the component logic. 

b. Panasonic NHE 

This capacitor is used to filter any noise from the -2V power supply to the 
Experimental GaAs IC. 

16. Resistors 

a. Phillips Surface Mount 

These surface mount resistors are used as pull-up resistors for various component 
which need pins tied to logical one. 

b. Ohmite Vitreous Enamel Conformal 

These resistors are utilized in lieu of the surface mount resistors when the amount 
of power dissipated is expected to be more than the surface mount resistors are designed to handle. 

17. Crystal Oscillator 

This is a quartz crystal made by Raltron. It provides an oscillator input to the Harris clock 
generator. A 36 MHz crystal is planned for the daughterboard. This is achieved by using the 3 rd 
overtone of a 12 MHz fundamental frequency. 

18. Zener Diode 

This part is made by the Motorola Corporation. This element is used to regulate a -2 volt 
power supply for the experimental GaAs chip. Zener diodes maintain a specific voltage drop for 
varying currents. Thus, as the amount of current drawn by the GaAs IC varies, the diode will 
compensate for this and continue to supply -2 V. 

C. COMPONENT ELECTRICAL REQUIREMENTS 

The majority of the logic components of this design use +5V and Ground as a logical one 
and zero, respectively. Those parts that do not use these voltages have logic converters to translate 
their respective logic levels. However, components which use the same voltage levels cannot be 
automatically connected together and expected to function correctly. For component pins which 
drive signals to multiple ICs, such as data and address lines, a critical issue is whether those pins 
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can source or sink enough current. A manufactures datasheet usually provides two parameters, Ioh 
and Iol, to determine how much current output pins can handle. Ioh is defined as the maximum 
current that the output can source when driving a logical one and still maintain the required 
minimum voltage level for a logical one, V 0 h- Iol is defined as the maximum current that the 
output can sink when driving a logical zero signal and still maintain an output voltage no greater 
than the maximum voltage for a logical zero, Vol- The amount of current required for an output to 
source or sink is determined by Equation 4.1. 

I source = zC ^ in S I leak Equation 4.1 

Iih is the amount of current an input draws when driven high. I LE ak or “leakage” current is the 
amount of current a connected but not enabled input pin draws. The amount of current for an 
output pin to sink when driving a signal low is defined by Equation 4.2. 

I sink ~ S Vil S I leak Equation 4.2 

In, is the amount of current drawn from an input pin when being driven low. I L eak in this case is 
the amount of current a connected but not enabled input pin sources. 

A summary of input and output currents for the components to be used in the design are 
tabulated in Table 2: 


Component 

Ioh (mA) 

IoL ( mA ) 

Im(pA) 

Iil (pA) 

Ileak ( mA ) 

‘8051 Port 0 

7.0 

7.0 

10 

50 

10 

‘8051 Port 1,2,3 

0.06 

3.5 

10 

10 

10 

UT22VP10 

12.0 

12.0 

10 

10 

10 

HS-6664RH 

2.0 

4.8 

1 

1 

10 

HS-65647RH 

5.0 

8.0 

1 

1 

60 

HS-82C85RH 

2.5 

5.0 

1 

1 

5 

HCS138MS 

6.0 

6.0 

5 

5 

5 

HCS573MS 

6.0 

6.0 

5 

5 

5 

HCTS541MS 

6.0 

6.0 

5 

5 

5 

VS12G422T 

5.2 

8.0 

100 

100 

1000 

IDT6168 

8.0 

4.0 

10 

10 

10 

FI0422 

n/a 

n/a 

220 

50 

n/a 

100328 (TTL) 

1.0 

24.0 

70 

1000 

70 

100328 (ECL) 

n/a 

n/a 

500 

0.5 

n/a 


Table 2: Summary Of Component Pin Currents 
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An output pin usually cannot source enough power only when it is hooked up to multiple 
inputs. The only component on the design where this condition is present is the microcontroller. 
Port 0 of the ‘8051 is hooked up to the most components. However, referencing Table 2, these 
pins can source 7.0 mA current. With typical input loads of a few micro-amperes, no problem 
exists here. However, Ports 1, 2 and 3 can only source 60 pA to hold attached signals high. This 
is a problem for only the write strobe on Port 3. This signal is routed to two HS-65647 RAMs, 
the IDT6168, the VS12G422T, and one of the 100328s. Referencing Table 2, the input leakage 
currents to all the aforementioned chips totals 182 pA. Thus, the write strobe does not source 
enough current to maintain a logical one. Without correction, WR* is virtually tied low. 

The solution is to tie this line high via a pull-up resistor. However, the resistor must be 
chosen such that it sources enough current to keep the line high when not active. It also must pull 
the line low when WR* is active. Equation 4.3 [Ref. 5, p.693] is used to calculate the maximum 
resistor value. 


R 


V -V 

' DP _ OH 


MAX 


mxl m + ^ I leak 


Equation 4.3 


Using values from Table 2, V D d = 5V, and Voh = 3.2V (a conservative value), 

5 - 3.2 


R 


MAX 


(100 + 1 + 1 + 10 + 70) 


10,000 0 


To calculate the minimum resistor value. Equation 4.4 is utilized. 


R 


MIN 


VqoZZoL 
Iql ~ 11 


Equation 4.4 


Using values from Table 2, V DD = 5 and V 0 l = 0.4V, 

_ 5-0.4 _ 

R min ~ 3 5 _ (1000 + 100 + 10+1 + 1 ) * 2,000 

Therefore, any value between 2-10 kW will allow the strobe to work correctly. Calculating the 
median voltage, the WR* signal is tied high via a 6 kO resistor. 
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D. TIMING ANALYSIS 

Whenever memories and a microprocessor are tied together, the RAM speed must checked. 
One must analyze the timing diagrams of the components to ensure minimum and maximum setup, 
hold, and valid times are not compromised. Figure 4 below depicts the ‘8051 read cycle. The 
daughterboard will be using a 12 MHz clock. Therefore, each clock period, Tclk, is 83 
nanoseconds. Using this time to reference the UT69RH051 datasheet, two representative times are 
calculated for the microcontrollers memory access time parameters. The first, tu.Dv , is the time 



from when ALE goes low to the time valid data is present on the data bus. With an 83 ns period, 
t LL Dv = 514 ns. When ALE goes low on the daughterboard, the HCS138MS decoder chip is 
enabled. The maximum propagation time from enable to output for the decoder is 34 ns. This 
time must be subtracted from tixov • The result, 480 ns, is the maximum time a memory chip has 
from enable to data-valid. 

Another critical access time is tRLDv- This is the time from the read strobe goes active to 
the time valid data is present on the bus. This time at 12 MHz is 250 ns. The read strobe passes 
through the UT22VP10 PAL. This incurs a propagation delay of 25 ns. Thus, the access time is 
225 ns. Table 3 below compares these times with the corresponding access times for all memories. 
As one can see, even the slowest SRAM can meet these maximum time by a wide margin. 
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Component 

tlXDV 

tRLDV 

UT69RH051 

480 

225 

HS-6664RH 

60 

20 

HS-65647RH 

50 

15 

F10422 

10 

n/a 

VS12G422T 

4 

4 

IDT6168 

70 

n/a 


Table 3: Summary of Memory Access Time 


The overall conclusion to be drawn from this is that all memories utilized in the 
daughterboard are significantly faster then they need be. However, one must bear in mind that the 
daughterboard is designed for testing radiation hardness, not speed. 
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V. DAUGHTERBOARD OPERATION 


A. MICROCONTROLLER CORE SECTION 

The microcontroller is the core of the entire daughterboard. This section consists of one 
UT69RH051 microcontroller, one HCS573MS latch, one HCS138MS decoder, two HS-6664RH 
PROMs, and two HS-65647RH SRAMs. Figure 5 on the next page depicts this section of the 
daughterboard. 

1. Latch Connection 

The first component connected is the HCS573MS (‘573). The inputs of this device are 
connected to Port 0 of the microcontroller, LE* is connected to ALE*. When ALE* goes low, the 
lower byte the microcontrollers address is latched. Therefore, from this point forward, reference to 
the address bus shall include the upper byte coming from the microcontroller and the lower byte 
coming from the latch. Reference to the data bus shall pertain to the Port 0 pins of the 
microcontroller. 

2. Decoder Connection 

The next component to connect to the microcontroller is the HCS138MS (‘138). 
Connecting address pins A15..12 to the A2..0 input pins of the ‘138, the 65k address space of the 
‘8051 is divided into eight 8k segments. The outputs of the decoder, Y7..0, are used as enable 
signals for each segment. ALE* from the ‘8051 is wired to ‘138 enable El* to synchronize the 
address decoding with the latch of the lower address byte of the ‘8051. Not doing this will cause 
components with latched address inputs to incorrectly decode the lower address byte. The other 
two enable inputs for the ‘ 138, E2* and E3, are tied low and high, respectively. 

3. Combining PSEN* and RD* 

The ‘8051 actually has the ability to address two separate 65k blocks of memory. Two 
read strobes. Program Store Enable (PSEN*) and External Data Read (RD*), exist on the 
microcontroller, The MCS51 assembly language has separate move instructions to choose between 
the two address spaces. In order to simplify programming, a common practice is to combine 
address spaces by wiring the two read strobes into an AND gate. Both strobes are active-low. 
Thus, when either is active, an active-low signal will appear at the output of the AND gate. From 
this point forward, this output will be referred to as “the” read strobe or “RD*” signal. 
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Figure 5: Microcontroller Core Section 





















4. SRAM Connection 

It was decided that the amount of SRAM needed for the daughterboard was 16k. This was 
a compromise between using 8k, which had the possibility of being too small, and 32k, which took 
up half the address space of the ‘8051. Therefore, two HS-65647RH (‘65647) are used. Wiring 
to the ‘65647s is straight-forward. Address pins A12..0 are connected to the address bus, data 
pins DQ7..0 are connected to the data bus. The board read and write strobes are wired to the 
output enable pin (G*) and the write enable pin (W*). Recalling the MPTB ICD specifies a shared 
memory space of 2 kilobytes, this necessitates that at least one of the ‘65647 chips must have the 
first 8k of address space. Therefore, the Y0* signal from the ‘138 decoder is connected to the 
chip-select pin, El*, of the first ‘65647 (designated RAMI on Figure 5). Yl* of the decoder is 
connected to El* of the other ‘65647 (RAM2 on Figure 5). Together, the two SRAMs occupy a 
continuous memory space form 16k to 0. The final connections are to tie E2 on both SRAMs high 
since only one chip-select is necessary. 

5. PROM Connection 

It was decided that the amount of SRAM needed for the daughterboard was 6k. Two HS- 
6664RH (‘6664) are used to implement this. Wiring to the ‘6664s is straight-forward. Address 
pins A12..0 are connected to the address bus and data pins DQ7..0 are connected to the data bus. 
The board read strobe is wired to the output enable pin (G*). The Y3* signal from the ‘138 
decoder is connected to the chip-select pin, E*, of the first ‘6664 (designated ROM1 on Figure 5). 
Y4* of the decoder is connected to E2* of the other ‘6664 (ROM2 on Figure 5). Together, both 
ROM chips occupy a continuous memory space from 16-32k. 

6. Clock Input 

The CLOCK50 pin of the HS-82C85RH (‘82C85) provides the ‘8051 with a 12MHz 
clock signal. This is connected to XTAL1 of the ‘8051, as depicted on Figure 6. The frequency 
source of the ‘82C85 is derived from a 36 MHz crystal oscillator connected to the XI and X2 pins 
of the clock generator. Several pins on the ‘82C85 are tied either high or low to set the desired 
operation of the chip. The F/C pin is tied low to select crystal oscillator input. The FST/SLO pin 
is tied high so that the output on the OSC and CLOCK50 pins are 36 MHz and 12 MHz, 
respectively (selecting low has a divide by 768 effect). Finally, S2*, SI, and SO are tied high, low 
and low respectively to disable the stop-clock function. Connection to the crystal is done via two 
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Figure 6: Daughterboard Clock Signal Source 


47 pF capacitors in order to provide the most stable operation of the OSC output (which provides 
the clock to the experimental GaAs IC). This is accomplished by matching the load capacitance of 
the crystal to the combined capacitance of the capacitors. This relationship is defined in Equation 
5.1 below. 


C, x C 2 _ . . , 

C , = — -- Equation 5.1 

costal C,+C 2 

The load capacitance of the crystal is 24 pF. Therefore, Cl =C2 = 48 pF. The closest 
capacitors available is 47 pF (+/- 5 %). 

7. Miscellaneous Microcontroller Connections. 

The ‘8051 has 256 words of internal memory. This unnecessarily complicates the memory 
address space and is not recommended to use. This memory is of little use because of its small size 
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and complicates microcontroller programming. Wiring EA* on the microcontroller to ground 
disables this memory. 


B. SATELLITE INTERFACE SECTION 

As previously stated, communication between the daughterboard and the EPC via a 96-pin 
connector. The communication signals between the two components was discussed in Chapter III. 
Actual connection is depicted in Figure 7. This interface has three basic operations. First, the EPC 
requests attention from the daughterboard via an interrupt. Second, the daughterboard may 
interrupt the EPC. Third, the daughterboard transfers information to the EPC. 
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1. Interrupt From EPC To Daughterboard 

The BD_SEL* signal from EPC is connected to the INTO* pin of the ‘8051 
microcontroller. When the EPC drives the BD SEL* signal low, it activates Interrupt 0 on the 
daughterboard microcontroller. As previously stated, the daughterboard has 657 nanoseconds 
before the EPC microcontroller begins to access the shared memory in the Harris SRAM. When 
the EPC has finished its memory access, it negates the BD DEL* signal, allowing the 
daughterboard microcontroller to resume processing. 

2. Interrupt From Daughterboard To EPC 

The daughterboard ‘8051 may send an interrupt to the EPC. The daughterboard must then 
wait for a response from the EPC. When the EPC responds, it will initiate a read from shared 
memory. Implementation of this handshaking protocol is implement by connecting the INT* and 
INT_RESET* from the EPC via the connector, to ‘8051 Port 1 pins 7 (PI.7) and 6 (PI,6), 
respectively. This implements a handshaking protocol between daughterboard and panel controller. 

Any ‘8051 Port pin may be programmed, provided the pin is not being used to fulfill 
another task. Ports 0, 2, and 3 of the microcontroller are used for the address bus, data bus, 
read/write strobes, and interrupts. Until this point, the Port 1 pins are unused. Thus, a subroutine 
may be written to drive P1.7 low to send an interrupt to the EPC. The subroutine can then instruct 
the daughterboard ‘8051 to poll PI.6 for a response. When the EPC drives INT_RESET* low, the 
daughterboard would have the attention of the EPC, allowing data transfer to take place. Using 
the Port pins in this fashion works well in this case because the microcontroller initiates contact 
and knows it only has to poll for a response for a limited time. If contact was not initiated from the 
daughterboard, the microcontroller would be forced to continuously poll a Port pin(s). This would 
be taxing on the microcontrollers resources. 

3. EPC Accessing Shared Memory 

The EPC has access to the daughterboards lower 2 kilobytes of address space and the 
boards data bus. The read and write strobes from the connector are connected to the read/wnte 
signal lines of the daughterboard. Once communication is established between daughterboard and 
EPC, R/W cycles proceed uneventfully. 
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C. MEMORY TEST SECTION 

This section contains the three memory chips of different logic families. ECL-TTL level 
converters are required for the ECL SRAM. Additional logic gates are required for address 
decoding. Figure 8 depicts the logical layout. 

1. CMOS SRAM 

Connection of the IDT6168 (‘6168) is straight-forward. Its address pins (A11..0) are 
tapped into the lower 12 bits of the daughterboard address bus. The data pins (1/03 .0) are tapped 
into the lower four bits of the data bus. R/W cycles are controlled exclusively by the write-enable 
pin, WE*. If the chip is selected and WE* is not asserted, a read operation is completed. The chip- 
select pin CS* is connected to the Y4* output of the ‘138 decoder. This allocates the ‘6168 



Figure 8: Test Memory ICs 
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address space 32k to 40k. However, the chip only utilizes the lower half of its allocated 8k address 
memory space. The upper 4k of the memory space is unused. This inefficient use of address 
space was chosen to minimize the number of gates required for address decoding. 

2. GaAs SRAM 

Connection of the VS12G422T (‘422T) requires its address pins (A7..0) to be connected 
to the lower byte of the daughterboard address bus. The separate data input and data output pins 
are connected to their respective data bus lines. The microcontroller read and write strobes are 
connected to OE* and WE*, respectively. The ‘422T is allocated memory address space from 40k 
to 44k. Decoding of this address space is accomplished by routing theY5* output of the ‘138 
decoder and the A12 address line into a l-to-2 decoder. The l-to-2 decoder is implemented in 
Figure 8 with two NAND gates and two inverters. This divides the 8k address space defined by 
the decoder into two 4k blocks. The ‘422T is allocated the lower half by connecting the CS1* pin 
of the ‘422T to the lower NAND gate of the l-to-2 decoder. The ‘422T only uses 256 of the 4,000 
locations it is allocated. 

3. ECL RAM 

Connection of the FI0422 (‘422E) is considerably more involved. ECL technology uses 
-5.2 volts and ground for logical zero and one, respectively. Thus, all signals to and from the ECL 
SRAM must pass through 100328 ECL-TTL logic converters. Three 100328s are required to 
implement translate all necessary signals to and from the ECL chip. The first converter is subtitled 
“ADDR” in Figure 8. The lower byte of the daughterboard address bus is routed to the TTL side. 
The signals come out the ECL side and into the address pins of the ‘422E. The 100328s are bi¬ 
directional. Since address information only propagate from the TTL side to the ECL side, the DIR 
pin of this converter is tied high so that signals only travel in the desired direction. 

The lower four data bus lines of the daughterboard are connected to the TTL side of the 
100328, labeled “DATA” in Figure 8. The signals route from the TTL side to the ECL side into 
the corresponding data-in pins (D3..0) and data-out pins (03..0). Since the data lines need to be 
bi-directional, the DIR pin of this 100328 is connected to the read strobe of the daughterboard. On 
read operations, the read strobe is at logic level zero, allowing information on the 100328 to flow 
from the ECL to the TTL side. During memory write operations, the read strobe is at logic level 
one, which sets the converter to allow data to travel from the TTL side to the ECL side. 
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The third 100328, subtitled “RD/WR” on Figure 8, is utilized to pass the daughterboard 
read and write strobes to the ‘422E. These signals could not be sent through the “DATA” 100328 
because when the direction of the converter is set in the ECL to TTL direction, the read and write 
strobes would be cut off. Therefore, the separate IC was required. The read strobe outputs the 
ECL side of the 100328 and connects to the four select lines, BS3..0 of the F10422. There is no 
need to individually access the data output lines, so all four are shorted together. The write strobe 
proceeds from the logic converter and connects to the write enable pin, WE*. The signal direction 
on this 100328 is exclusively from the TTL side to the ECL side, so the DIR pin is tied high. 

Finally, the ECL SRAM is allocated address locations 44k to 48k. Address decoding is 
accomplished using the other output of the l-to-2 decoder described in the GaAs SRAM section. 
This enable line is not connected to the ‘422E, but tied to the OE pins on all three 100328s. When 
the address decoders select the ECL SRAM, they enable the logic converters to allow transactions 
to the ECL chip to occur. When not selected, the TTL side of the three 100328s are in the high 
impedance state, effectively isolating the ‘422T. 

D. EXPERIMENTAL GALLIUM-ARSENIDE IC 

The operation of this chip has been described previously. However, considerable logic is 
required to implement its operation. Figure 9 logically depicts this part of the daughterboard. 
Operation of the circuit is describe in the following subsections. 

1. Address Decoding 

The Experimental GaAs chip (‘XGaAs) is allocated address space 48k to 56k. This 
address space is used to provide four enable lines for three HCST541MS (‘541) tri-state buffers 
and one HCS573MS (‘573) latch. Address lines A12 and All input to a two-to-four decoder 
which is created from four AND gates and two inverters. These outputs are each input into a 
NAND gate with the Y6* output of the ‘ 138 decoder. The ‘138 output acts a master enable signal. 
The net effect is that four active-low enable signals are created, INPUT EN*, SEU EN*, 
LFSR_EN*, and SR_EN*. Utilization of these signals is described shortly. 
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Figure 9: Experimental GaAs IC Implementation 
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2. Control Inputs 

The ‘XGaAs has seven inputs to control chip operation. To manipulate these control lines, 
the outputs of a ‘573 latch is utilized. The inputs to the latch are connected to address lines A6..0. 
The INPUTEN* is connected to the chip-select pin, OE* of the ‘573. The ‘8051 ALE* signal is 
attached to the LE*. Recall that when ALE* goes low, the inputs are latched on the output side of 
the ‘573. Therefore, when the latch is selected via address decoding of address lines A15..11, 
variations of A6..0 may be used to provide up to 2 7 separate input signals to the ‘XGaAs. 

3. Reading Counter Outputs 

Recall the ‘XGaAs has two counter outputs, LFSR7..0 and SR7..0. These outputs are not 
tri-stated. In order to connect them to the daughterboard data bus for reading, the ‘541 tri-state 
buffers must be utilized to isolate these signals when not selected for reading. The inputs of two of 
the buffers are connected to the two counter outputs. The LFSR EN* enable signal is connected 
to the output select pins, OE1..0, of the ‘541 which is connected to the inputs LFSR7..0. The 
SR_EN* signal is connected the tri-state buffer that is connected SR7..0. Thus, the proper address 
decoding to activate either of the enable inputs will select the corresponding counter to be read. 

4. Responding To Interrupts 

Recall that the ‘XGaAs has three active-high interrupt signals. Unfortunately, the ‘8051 
only has one remaining external interrupt. In order to accommodate this problem, the three 
interrupt signals form the ‘XGaAs are routed to the inputs of a three input NOR gate. The output 
of this gate is connected to the remaining external interrupt pin on the microcontroller, INTI*. 
Each of the three signals are also routed on the low three bits of the data bus via another ‘541 
buffer. The SEUEN* signal is connected to the OE1..0* pins of the tri-state buffer. Therefore, if 
one or more of the three interrupt signals goes active, this will produce a logic zero on the NOR 
gate, subsequently sending an interrupt to the microcontroller. An interrupt handling subroutine 
may be written to perform a read to the ‘541 buffer if an interrupt is detected. The read bits could 
then be tested to determine which of the three interrupt conditions was activated. The interrupt 
handling subroutine could then take appropriate action. 

5. Power Supply 

The ‘XGaAs presents a unique problem in that it requires a negative two volt power 
supply. This is the only instance on the entire daughterboard where the required power supply is 
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not provided by the EPC. The two resistors, one capacitor, and one zener diode depicted in Figure 
9 forms a voltage regulator circuit that produces the required -2 volts. The circuit uses the -5.2 
available voltage supply. A 5 k£2 resistor and a 2 V zener diode are connected in series to ground. 
The diode serves to stabilize the voltage if fluctuations in the current drawn occur. The voltage 
between the resistor and the diode is at the required -2 V. A lOOOpF capacitor is connected in 
parallel to ground to filter off any AC noise. Finally, a 2 kfl resistor is added to complete the 
circuit. The four pins depicted on the bottom of the ‘XGaAs chip in Figure 9 are four pins that 
require the -2 V power supply. Thus, at the point shown in the diagram, a stable -2 V source is 
available for the ‘XGaAs IC. 

E. PROGRAMMABLE ARRAY LOGIC 

The previous sections each had basic logic gates decoding address space, inverting 
signals, etc. These gates were shown in each section in order to make each section more 
understandable. The finished daughterboard design actually implements all of these gates in a 
single UT22VP10 PAL. Figure 10 on the next page shows the PAL with its input and outputs 
labeled with the assigned signals. The various logic gate structures utilized in the design are shown 
for reference. 

F. COMPLETE DAUGHTERBOARD DESIGN 

The complete logical design for the MPTB motherboard is a compilation of all the 
previous sections. Figure 11 on page 37 shows the entire design. Each of the previous sections 
previously discussed is incorporated. Within each design subsection, placement of components 
relative to one another is the same as in Figure 11. However, note that all logic gates have been 
remove and the PAL displayed in their place. 
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Figure 10: Summary Of PAL Logic 











Figure 11: Complete Daughterboard Design 
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:te Daughterboard Design 
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VI. CADENCE BOARD DESIGN TOOLS 


A. OVERVIEW 

The Cadence Board Design Tools are a subset of CAD tools of the greater Cadence CAD 
tool set. Design begins concurrently in Rapid Part and Concept. Rapid Part is a component 
library development tool, Concept is a schematic capture tool. Once complete, the information is 
compiled into a net-list for input into Allegro. Allegro is a CAD tool for designing a printed circuit 
board, including wiring and component layout. Output from Allegro may be sent to a printed 
circuit board company for board fabrication 

The following sections contain a summary of the use of each CAD tool to give an idea of a 
beginning to end board design in Cadence. Also mentioned are some tips and tricks to help with 
the programs. 

B. RAPID PART 

The purpose of Rapid Part is to produce a symbol that reflects the correct pinout of a 
component one intends to use. If a component comes in several package types. Rapid Part can 
generate multiple versions of the same component, ie DIP, flatpack, quad-flatpack, etc. Another 
key piece of information inputted is the JEDEC type of each package. A JEDEC is the footprint a 
particular IC package makes on a printed circuit boards. It contains precise information on pin¬ 
hole spacing and pin-hole size for the actual design of the board. Appendix B of the Allegro 
Library Development manual contains a listing of standard JEDECs . If the correct footprint is 
not available in the Allegro library, the user has the ability to make their own. 

C. CONCEPT 

Once a library of parts has been created in Rapid Part, or at least enough components have 
been created to get started. Concept is used to logically wire the components together. Before 
using the program, it is strongly recommended that the Concept Stopwatch Design Tutorial be 
completed in order to become familiar with Concept. This tutorial is an efficient method to learn 
the program. 

When initially setting up the program in GLOBAL SETUP, component libraries needed 
for the design must be entered. For basic logic design, the following libraries need to be included: 
LSTTL, ELEMENT, STANDARD, and any local libraries. LSTTL will give one a complete 
library of logic gates with standard symbol shapes. The ELEMENT library contains basic discrete 
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components such as resistors and capacitors. If a pin needs to be tied high or low, the ELEMENT 
library contains VCC and GND. The STANDARD library contains the full set of MERGES and 
TAPS. Any local libraries will contain parts created in Rapid Part. 

An important issue not covered in the tutorial is the management of busses. It is 
recommended one thoroughly read the uses of TAPS and MERGES in the Concept Schematic User 
Guide. A tap is used to split off a subset of lines from a larger bus. When the TAP is used, 
signals split off bear the same signal name and properties. For instance, if one has an eight-bit bus 
called DATA<7..0>, using the command TAP 6..3 will tap into lines 6, 5, 4, 3. A wire connected 
to this tap will automatically inherit the signal name DATA<6..3>. MERGES can also be used to 
divide buses. However, since the number of total lines coming in one end of a merge must equal 
the number lines of exiting, one of the outputs from the merge must be left dangling with the 
appropriate unused signals assigned to it. 

Concept deals with the connection of signal pins. A problem arises as power and ground 
pins are not usually shown. On a circuit board, it is a standard practice to wire a capacitor 
between the power and ground pins to filter off any AC noise generated from switching logic. But 
with no power and ground pins on the logic symbols, accomplishing this is confusing. The solution 
is to place a capacitor next to the logic component and connect the ends of the capacitor to VCC 
and GND symbols in the ELEMENT library as shown in Figure 12. This will allow connections 
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Figure 12: Placing Capacitors 
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between the capacitors to the power and ground pins on each component in Allegro. Not taking 
this step will cause Allegro to mark a design error. 

D. VALID COMPILER AND PACKAGER XL 

Once a logical design is complete, one needs to run the design through Valid Compiler and 
Valid Packager to format the design to import into Allegro. Valid Compiler produces a net-list. 
This is simply a file that lists every electrical connection between all components. Packager XL is 
a program that combines gates of the same type into one IC. For instance, when AND gates are 
placed on a design, they are placed individually. Most AND gate components usually incorporate 
several gates in one IC package. Thus, if a design has 32 OR gates, twenty-five inverters, and 37 
AND gates, Packager XL will group the gates in “real-world” components which have 4, 6, 8, ... 
components per IC. 

E. ALLEGRO 

1. Library Development 

More time is usually spent in Cadence creating and modifying libraries than anything else. 
Recall that in Rapid Part a JEDEC type or physical footprint was specified. At this point any 
JEDEC types not in the Allegro library must be created. JEDECs are defined by corresponding 
symbols in order to use them in Allegro. A symbol consists of two elements, padstacks, and 
drawings. For printed circuit boards, component pins are mounted in holes or on pads. A printed 
circuit board typically consists of 4 to 7 layers. A padstack simply defines how a hole or pad 
interacts with each individual layer. The “drawing” is simply a physical representation of the 
device. The drawing, with one or more padstacks, is combined to form a symbol. 

2. Prepare Design 

The first part of preparing a design for a printed circuit board is to define the boards 
outline. Once this is drawn, the cross section of the board is defined. For example, a four layer 
board would be defined such that wires could be routed on the top and bottom layer. The middle 
two layers are usually thin planes of copper connected to Vcc md GND. Once this is complete, 
CONSTRAINTS are defined. CONSTRAINTS are definitions of wire width, minimum spacing 
between components, spacing between wires and spacing between wires and component pins. The 
last steps are to add the Component and Route KEEPINS. KEEPINS are boundaries defined for 
the placement of components and wires. When components are mounted on a board, a minimum 
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distance from the board edge to place the components must be defined The same must be defined 
for wires. KEEPINS simply define these boundaries to keep components and wires from getting 
closer to the edge of the board than desired. 

3. Placing Components 

At this point, the design has the board defined. Components are ready to be placed. 
Placing components is application of common sense. The ultimate goal is to place the components 
to minimize the amount of wiring needed. For the daughterboard design, the following placement 
decisions were completed. 

• The microcontroller was placed next to the designated address and data pins 
on the ELCO connector. 

• The ‘573 latch and ‘ 138 decoder were placed next to the microcontroller since 
all memory transactions utilize these components. 

• The two Harris SRAMs and PROMs were placed together due to similar 
pinouts allowed efficient busses to be wired. 

• The test memories and the ‘XGaAs IC were placed adjacent to one another. 

• The 100328 logic converters were placed next to the ECL SRAM. 

• Capacitors, resistors, and other discrete elements were placed next to the pins 
of components they were connected to. 

• The ‘XGaAs IC was placed near the edge of the board to aid in mounting. 

Figure 13 on the next page shows the final placement of the daughterboard components. 

4. Routing 

Routing wires is the most dynamic and time consuming design process. The Automatic 
Router is recommended to begin routing with. The highest success rate occurs when the autorouter 
is started before a single wire is manually placed. The autorouter wires in a Manhattan style. 
For instance, if the printed circuit board has two board layers to make connections on, the router 
connects all the horizontal lines on one layer and the vertical wires on the other layer. Interactive 
routing method may be used to finish the routing, and/or clean up the design. Once the wires are 
complete, power and ground planes are defined in the internal layers of the board. A function 
called auto-voiding automatically creates holes in the planes for pins not directly connected to 
either plane. Auto-voiding will also connect Vcc, Vee, and GND pins of each component to the 
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appropriate plane. Figure 14 on page 44 shows the routing on both sides of the circuit board. 
Figures 15 and 16 on pages 45 and 46 show routing on the top and bottom layers, respectively. 



Figure 13: Daughterboard Component Placement 
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Figure 14: Top And Bottom Routing On Daughterboard 
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Figure 15: Top Layer Routing 
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Figure 16: Bottom Layer Routing 
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5. Creating Output 

At this point, the design is ready to create the NCDRILL and NCROUTE files. These text 
files contain coordinates for all holes to be drilled and information on cutting out the circuit board 
shape. A copy of the output files for the daughterboard design is included in Appendix B. With 
this information, a printed circuit board fabricator has the necessary information to build the board 
to design specifications. This completes the daughterboard design. 
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VII. CONCLUSIONS 


A. DESIGN CONCLUSIONS 

The daughterboard design will provide an excellent method for gauging orbital radiation 
effects. The radiation hardened components will provide a stable mechanism to evaluate the 
‘XGaAs IC and three different logic families of SRAM. During the design process, the Cadence 
Design Software proved to be an effective tool on developing the circuit board design. Cadence 
provides useful tools for all aspects of the design process, from library development to physical 
layout. Because of the flexibility of Cadence, future modifications to the design could incorporate 
a 32 bit microcontroller, a faster bus speed, larger memories, and follow-on versions of the 
XGaAs IC. 

B. BOARD FABRICATION 

Many PCB fabricators should be able to utilize the Cadence output files to create the PCB. 
One nearby fabricator who has worked with NPS is West Coast Circuits in Watsonville, CA (408) 
728-4271. 

C. COMPONENT COST 

Table 4 below summarizes the cost of the individual components. 


Component 

Cost ($) 

Distributor 

Phone 

UT69RH051 

2500 

UTMC 

(805) 445-6665 

UT22VP10 

1800 

UTMC 

(805) 445-6665 

HS-6664RH 

2000 

Ewing Foley 

(408) 342-1220 

HS-65647RH 

1590 

Ewing Foley 

(408) 342-1220 

HS-82C85RH 

1350 

Ewing Foley 

(408) 342-1220 

HCS138MS 

209 

Ewing Foley 

(408) 342-1220 

HCS573MS 

215 

Ewing Foley 

(408)342-1220 

HCTS541MS 

215 

Ewing Foley 

(408) 342-1220 

VS12G422T 

n/a 

n/a 

n/a 

IDT6168 

15 

IDT 

(408) 943-9270 

FI0422 

22 

Future Electronics 

(408) 433-0822 

100328 

250 

Future Electronics 

(408) 433-0822 


Table 4: Component Cost 
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D. PROGRAMMING & TESTING 

Software for the daughterboard will have to be developed from the MCS51 programming 
language. Extensive documentation is available in the Intel Microcontroller Handbook. Once the 
software is written, it will need to be “burned” into the HS-6664RH PROMs. A possible 
consideration to troubleshoot the daughterboard would be to design a circuit board to mimic the 
daughterboard panel controller. Access to the daughterboard is available via the ELCO 
connector. The female opposite of the connector could be connected to the HP 64000 analyzer 
units to simulate the EPC. 

When the UT22VP10 is purchased, the IC will need to be bumed-in. Figure 11 depicts a 
summary of the logic. Sum-of-products equations can be easily generated for this device. For 
instance, the AND function combining the PSEN* and RD* signals of the ‘8051 microcontroller 
would be defined as follows: 

1/07 = 14*15 Equation 7.1 

1/07 corresponds to output pin 7 on the UT22VP10, 14 and 15 correspond to input pins 4 and 5. 
By connecting 14 and 15 to PSEN* and RD*, respectively, the output of 1/07 will be the desired 
product of the two input signals. 

Radiation hardened components are expensive and generally require several months to 
order from the manufacturer. However, for the purposes of testing the design, it would be 
beneficial to construct a second daughterboard with commercial components, that is non-radiation 
hardened components. These components are widely available, are logically equivalent and have 
the same pin-out as their radiation hardened counterparts, and cost less than a few dollars each. 
Building a second board would also provide the Experimental GaAs IC 

E. SUMMARY 

The daughterboard design is a remarkable testament to demonstrating the skills one has 
acquired in graduate education. This design project completes several months of component 
familiarization and evaluation, CAD tool familiarization, and application of electrical engineering 
theory. At this point, the daughterboard is ready to be fabricated and components may be ordered. 
Possible changes to the Experimental GaAs IC, which is still in the design phase, may necessitate 
minor changes to the daughterboard design. 


50 



LIST OF REFERENCES 


1. Sedra & Smith, Microelectronic Circuits, 3 rd Edition, Saunders College Publishing, 
Philadelphia, PA, 1991. 

2. “Microelectronics and Photonics Test Bed (MPTB) Experiment Daughterboard 
Interface Control Document", Revision D, Dec. 8, 1995. 

3. LaBel, Kenneth A., Gates, Michele M., Moran, Amy K., Commercial 
Microelectronics Technologies for Applications in the Satellite Radiation 
Environment, http://flick.gsfc.nasa.gov/radhome/papers/aspen.htm, 1995. 

4. Wakerly, John F., Digital Design Principles and Practices, 2 nd Edition, Prentice Hall 
Publishing, Englewood Cliffs, NJ, 1994. 

5. Clements, Alan, Microprocessor System Design, Second Edition, PWS Publishing, 
Boston, 1992. 

6. Rapid Part Reference Manual v. 1.4, Cadence Openbook Online Help, Cadence 
Design Systems, 1996. 

7. Concept Schematic User Guide, v. 1.6, Cadence Openbook Online Help, Cadence 
Design Systems, 1996. 

8. Allegro User Guide, Volumes 1-7, Cadence Openbook Online Help, Cadence Design 
Systems, 1996. 

9. Intel Microcontroller Handbook, Volumel, Intel Corporation, 1992. 


51 



52 



APPENDIX A. MPTB INTERFACE CONTROL DOCUMENT 


The following pages contain the MPTB Interface Control Document, Revision D Draft, 
December 8, 1995. 
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MICROELECTRONICS 

AND 

PHOTONICS 
TEST BED (MPTB) 
EXPERIMENT DAUGHTERBOARD 
INTERFACE CONTROL 
DOCUMENT (ICD) 
REVISION D 
DRAFT 

DECEMBER 8, 1995 



1.0 SCOPE 


1.1 SCOPE 

This Interface Control Document (ICD) defines and controls the design at the interface 
between daughterboard and motherboard on each Experiment Panel of the Microelectronics 
and Photonics Test Bed (MPTB). This ICD is intended to ensure compatibility between 
daughterboard and motherboard by documenting form, fit, and functional interface 
agreements required to satisfy design, test, and integration. 

1.2 MPTB MISSION DEFINITION 

The Microelectronics and Photonics Test Bed (MPTB) is a satellite payload that will be 
used to measure the effects of space radiation on microelectronic and photonic devices and 
subsystems. Functional electronics changes caused by ionizing particles and total-dose 
radiation will be measured in a controlled experiment, with device data telemetered to the 
ground. The following effects will be measured: single event upsets, single event latchup, 
bit error rate effects, timing degradation, threshold voltage shifts, leakage current increases, 
and functional failure. 

1.3 INTERFACE ITEM DESCRIPTION 

1.3.1 MPTB Experiment Description . MPTB consists of a redundant Core Electronics 
Unit (CEU), and three experiment panels, each up to eight daughterboard slots. A block 
diagram is shown in Figure 1. 



Figure 1 - MPTB Block Diagram 






















































































13 2 Experiment Panel Description . An experiment panel consists of an 80C51 
microcontroller, analog measurement tools, power supplies, and up to eight 
daughterboards as shown in Figure 2. 

Daughterboards. A daughterboard contains an individual microelectronics of 

photonics experiment along with the circuitry necessary to interface with the experiment 
panel motherboard interface. 



Figure 2 - Experiment Panel Block Diagram 


2.0 APPLICABLE DOCUMENTS 

The following documents of the issue specified contribute to the definition of the 
experiment /space interface and form a part of this document to the extent specified herein. 
Where requirements of the referenced documents differ from those requirements stated 
herein, the requirements specified herein have precedence. 

2.1 GOVERNMENT DOCUMENTS 


Military Documents 


Tide 


ME^STD-461C 
4 Aug 86 
Notice 1 
1 Apr 87 
Notice 2 
15 Oct 87 


Electromagnetic Emission and 
Susceptibility Requirements for the 
Control of Electromagnetic Interference 


MIL-STD- 1540B 


Test Requirements for Space Vehicles 





(USAF) 

10 Oct 82 

Notice 1, 31 Jul 89 
Notice 2, 8 Feb 91 
Notice 3, Feb 12 91 

MIL-STD-1541A Electromagnetic Compatibility 

(USAF) Requirements for Space Systems 

30 Dec 87 

2.2 NON-GOVERNMENT DOCUMENTS 

INTEL 270646 Embedded Microcontrollers 


3.0 DAUGHTERBOARD REQUIREMENTS 

3.1 STRUCTURAL AND MECHANICAL REQUIREMENTS 

3.1.1 Board Configuration and Envelope 

3.1.1.1 Single Slot Board Configuration and Envelope The configuration and envelope of 
a single slot double-sided daughterboard is shown in Figure 3. 

3.1.1.2 Double Slot Board Configuration and Envelope The configuration and envelope of 
a double slot double-sided daughterboard is shown in Figure 4. 

3.1.3 Mass Properties 

3.1.3 Single Board Configuration Mass Properties The total weight of a single slot MPTB 
daughterboard shall not exceed 0.5 pounds (227 grams). This weight includes the VME 
connector, mounting screws, and any stiffeners that are required. 

3.1.3 Double Board Configuration Mass Properties The total weight of a double slot 
MPTB daughterboard shall not exceed 1 pound (454 grams). This weight includes the 
VME connectors, mounting screws, and any stiffeners that are required. 

3.1.4 Connector Physical The daughterboard/motherboard interface requires 3-row, 96 
pin inverted male DIN connectors (#ELCO 10-8477-096-002-904, military part number 
M55302/157-02) for the daughterboard, and 3-row, 96 pin, straight-thru, female DIN 
connectors(#ELCO 20-8457-096-002-908, military part number M55302/132-01). A 
mechanical drawing of the connector is on the following page. 

3.1.5 Materials Selection All materials exposed to the environment shall meet NASA 
Specification SP-R-0022 with less than 1.0% TML and less than 0.1% CVCM. 



3.2 ELECTRICAL INTERFACE 


3.2.1 Voltages . Each daughterboard will be provided switched +5V, -5.2V, and +/-15V. 
All voltages are +/- 5%. The output ripple in a 2 Mhz bandwidth at full load for each of the 
power supplies is shown in the table below. 


Power Supply Output Voltage 

Peak to Peak Output Voltage Level 

+5V 1 

80 mV 1 

-5.2V 

65 mV 

+/-15V 

30 mV 


3.2.2 Grounding. 

3.2.2.1 GND. This is signal ground, which is the return for the +5V and the -5.2V 
supplies. 

* 

3.2.2.2 ANA RTN. This is return for the +/-15V supplies. 

3.3.2.3 Ground Isolation. ANA_RTN must be isolated by at least 100 KOhms from 
GND. Additionally, both ANA_RTN and GDN must be isolated by atleast 1 MOhm from 
the chassis ground (tie in points on board, thermal conductance strip, and keep out area 
around board will be tied to chassis ground.). 

3.2.2 Power . 

3.2.2.1 Single Board Configuration Power . The maximum power used by any single slot 
daughterboard shall not exceed 10 Watts. The orbital average power for each 
daughterboard will be approximately 2 Watts. 

3.2.2.2 Double Board Configuration Power . The maximum power used by any double 
slot daughterboard shall not exceed 20 Watts. The orbital average power for each double 
slot daughterboard will be approximately 4 Watts. 

3.2.3 Low Power Option . 

3.2.3 Single Board Configuration Low Power Option . If a single slot daughterboard is to 
be biased at all times (for a total dose experiment), the daughterboard shall have a low 
power mode that shall not exceed 0.5 Watts. 

3.2.3 Double Board Configuration Low Power Option . If a double slot daughterboard is 
to be biased at all times (for a total dose experiment), the daughterboard shall have a low 
power mode that shall not exceed 1 Watt 

3.2.4 Connector Pin-out . 

3.2.4.1 Single Slot Connector Pin-out . Sinlge slot daughterboard pin assignments are 
shown on the following page. The pin locations are referenced to the daughterboard 
connector. 





3.2A.2 Double Slot Connector Pin 
independent single slot connectors. 


£. A double slot daughterboard will contain two 


3.2.5.1 Single Slot Digital Interface and Schematic . The digital interface between the 
motherboard and a single slot daughterboard will use Harris HCS245 transceivers. This 
interface circuitry resides on the motherboard. A schematic is shown in Figure 5. The 
signals on the left side of the schematic come from the controller. The signals on the right 
side of the schematic are connected to the 96 pin DIN connector for the daughterboard. 
Note that the signals on the right side of the schematic are tri-stated unless that 
daughterboard is selected. 


































































































































3.2.5.2 TV>nh1<*. Slot Digital Interface . The digital interface between the motherboard and a 
dougle slot daughterboards will consist of two independent single slot digital interface 
circuits shown in Figure 5. 





Figure 5 - Interface Circuitry 
3.2.7 Analog Measurement Interface . 

3 2 7 1 Single Slot Analog Measurement Interface. The analog interface will consist of 14 
analog lines and one analog return line (ANA_RTN_SENSE). The voltage measurement 
range will be between -4 and 6.24 Volts, differentially measured between ANALOGn (n is 
from 1 to 14) and ANA_RTN_SENSE. The measurement resolution is 2.5 mV. 

3 2 7 2 Analog-Measurement Interface . The analog interface will consist of 28 analog 
lines and two analog return lines. The voltage measurement range will be between -4 and 
6.24 Volts. The measurement resolwtiitiStl^ 2.5 mV. 




3.2.7.3 Current Sensing Circuitry . The recommended current sensing circuitry is shown 
in Figure 6. 


r 2 R 4 



resistor 


Figure 6 - Current Sensing Circuitry 

3.2.7.4 Temperature Sensing Circuitry . The temperature sensing circruitry is shown in 
Figure 7. The AD590 will be provided by NRL. The AD590 is in a 2-pin flatpack package 
shown on the following page. 
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Figure 7 - Temperature Sensing Circuitry 

3.2.7.5 Dosimeter Circuit . The dosimeter circuit is shown in Figure 8. The dosimeter 
will be provided by NRL. The dosimeter is in an 8-pin TO-5 (TO-99) package. The 
mechanical drawing is on the page following the 2-pin flatpack. 





Top View 



s 


Figure 8 - Dosimeter Circuitry 
3.2.8 Digital to Analog Interface . 

3.2.8.1 Single Slot Digital to Analog Interface . A single slot daughterboard will have a 
single digital to analog interface with a voltage range between -4 and 6.24 volts referenced 
differentially between signals D/A_V (pin C26) and D/A_REF_RTN (C25). 
Daughterboards using these signals shall provide a minimum of 1 Megaohm input 
impedance on each signal. The voltage is from a 12-bit D/A converter, the Analog Devices 
AD565ATD. The voltage resolution is 2.5 mV. 

3.2.8.2 Double Slot Digital to Analog Interface . A double slot daughterboard will have 
two independent digital to analog interfaces as described in 3.2.8.1. These two interfaces 
are independently switched; when one is on, the other will be off. They can both be off at 
the same time though. 


3.2.9 Electromagnetic Compatibility . The daughterboard shall pass the CE01 and CE03 
tests with connected to a Line Impedance and Source Network that simulates the 
Experiment Panel’s power outputs. The test levels shall follow CE01 and CE03, except 
the initial value is based on -40dB of the maximum normal operating load current The 
MPTB experiment must meet the EMI requirements set in Figures 9 and 10. The MPTB 
designers will work with the individual experimenter designers to insure compatibility at 
the daughterboard level. 
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3.3 SIGNAL INTERFACE 

This section defines signal interfaces between the 8051 microcontroller on the experiment 
panel and the daughterboards. 

3.3.1 RD* . An 8051 external data read cycle. The 8051 is running at 12 Mhz. Read 
cycle timing is shown in Figure 11. 

3.3.2 WR* An 8051 external data write cycle. The 8051 is running at 12 Mhz. Write 
cycle timing is shown in Figure 12. 

3.3.3 INT* . The daughterboard can pull this line low interrupt the processor. This tells 
the processor that the daughterboard has data to pass on. The daughterboard shall not 
modify this data until this line is reset. 

33.4 TNT* RESET* . This signal is driven low by the processor to reset a 
daughterboard’s INT* line. This Will be done after the processor has read all the necessary 
information from the daughterboard The INT*_RESET* line will remain low until the 
daughterboard’s INT* returns to a high logic level. 

3.3.5 BDSEL£. This signal is driven low when the particular daughterboard is selected. 
After the fallin g edge, the daughterboard will have no more than 657 nanoseconds before it 
must give the panel controller full control of any shared memory. When BDSEL* returns 
high, the daughterboard may resume control of any shared memory. 

3.3.6 RESET* . This signal is driven low to reset the daughterboards. 

3.4 SOFTWARE INTERFACE 

3.4.1 Overview The Digital Interface between the Experiment Panel Controller (EPP) and 
the various experiments (DUTs) is done completely in a 2k section of the EPP s data 
memory. (One 2k section of EPP memory for each DUT) The EPP will need to send 
commands and collect error messages from the DUTs. This section discusses the way this 
digital information is passed between the EPP and the DUTs. There are additional 
resources, that are not discussed in this section of the document, for the exchange of analog 
data between the EPP and the DUTs. MPTB also has a goal of DUT modularity, that is if 
a particular DUT is unavailable or a more important DUT is found the new board can be 
plugged right in to the old slot with little impact. To achieve this goal Flight Software will 
be supporting two standard interfaces. 


3.4.2. Type I Interface: Fixed. Simple Interface, This interface type is designed for 
experiments that require very basic start/stop commands and/or wiU generate the same error 
message every time. Both the command and the telemetry Type I interfaces will have fixed 
locations for all input and output Due to its generality, there may be bytes that are not used 
by a particular experiment Each experiment will have the option of using either the Type I 
command interface or the Type I telemetry interface or both interfaces. 


3.4.2.1 Type I Command Interface The Command Interface for Type I DUTs will start at 
location 0x000 of;the 2k memory mapped interface. The interface will be the same for all 
Type I DUTs. Figure 13 shows the command interface. The Command Byte of the 
interface is used to both indicate that a command is present and what that command is. All 
other command data are written prior to writing the command byte. 
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FIGURE 11 - Read Cycle Timing 
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FIGURE 12 - Write Cycle Timing 
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Figure 13: Type I Command Interface 

A command of zero (0x00) will be used to stop the current experiment during execution. 
Typically a memory experiment would need a start address (up to 32 bits) and a stop 
address (up to 32 bits) over which the particular test will run. It would also need the data 
pattern (up to 32 bits) to write for this test For those experiments requiring a refresh rate a 
16 bit location is available. The locations for each data item will be the same for AIL users 
of this interface. If an experiment needs less than 32 bits of addressing, it will still find me 
start address at 0x001 and the stop address at 0x005. This interface is primarily for 
memory experiments although any experiment desiring a simple interface may use the data 
in the above locations in any way suitable to the experiment 


24.2.2 Type. T Telemetry Interface The Telemetry Interface for Type I DUTs will start at 
location 0x110 of the 2k memory mapped interface. The interface will be the same for all 
Type I DUTs. Figure 14 shows the Telemetry interface. All bytes, including the counter 
bytes, are collected whenever the DTJT asserts the interrupt line. The counter bytes are 
intended to be used in a solar flare scenario. In such a situation, the experiment would just 
scan its DUT and rather than report details on each error, it would just count all eirors and 
periodically assert the interrupt line. In all modes the experiment would stop once it asserts 
the interrupt line and resume only after the EPP collects its data and clears the interrupt. 
The interrupt line, when asserted by a DUT, triggers a time stamp that is stored with the 
data the EPP collects from the DUTs. The labels in Fig. 14 were assigned with a memory 
experiment in mind, as long as a DUT ALWAYS uses the same location for a specific item 
any data may be put in any location with the exception of the counter bytes that must be 
used as counter or not used. 
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Figure 14: Type I Telemetry Interface 


3.4.3 Type II Interface: Variable. Packet Oriented Interface This interface type is 
designed for experiments that require more complex commands and/or will generate more 
complex or variable error messages. Both the command and the telemetry Type II interface 
will have variable length areas for all input and output The EPP, for commanding, and the 
DUT, for telemetry messages, will be responsible for using a byte count to give the length 
of the co mman d/telemetry message. Each experiment will have the option of using either 
the Type II co mman d interface or the Type II telemetry interface or both interfaces. 


3.4.3.1 Type II Command Interface The Command Interface for Type II DUTs will start 
at 0x000 of the 2k memory mapped interface. The EPP and the DUT must use the 
software semaphore (location 0x000) to synchronize the passing of data. IMMEDIATELY 
upon startup the DUT MUST give the semaphore, (write 0xC3 to location 0x0000) The 
EPP will write the new command data, inducting the byte count, then set the semaphore to 
indicate a new command is ready, (write 0x3C to location 0x0000) Upon detecting the 
semaphore set for a new command, the DUT reads the byte count, followed by reading the 
command data. After it has collected the current command, the DUT sets the semaphore to 
indicate it has read the command, (write 0xC3 to location 0x0000) As indicated in Fig. 15, 
any command may contain up to 255 bytes of actual data. 
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Figure 15: Type II Command Interface 
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3.4.3.2 Type II Telemetry Interface The Telemetry Interface for Type II DUTs will start at 
location 0x110 of the 2k memory mapped interface. The communication synchronization 
will be accomplished by the interrupt line. When the DUT has data for the EPP to collect, 
it will assert the interrupt line. The EPP will then collect the data stored in the DUTs 
telemetry area. No additional data may be written by the DUT until the EPP clears the 
interrupt indicating it has read all the data. Due to downlink formatting the TLM data will 
be limited to 242 bytes of data per interrupt (see Figure 16). 
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Figure 16: Type II Telemetry Interface 


3.5 THERMAL 

3.5.1 Heat Dissipation . The daughterboard shall have the ability to dissipate enough heat 
such that, at maximum power, the temperature does not exceed the maximum operating 
junction temperature. 

3.5.2 Operating temperature ranee. The operating temperature range is -10C to +50C. 

3.5.3 Survival temperature range. T he survival temperature range is -40C to +60C. 

3.6 FLIGHT ENVIRONMENT 

The following parameters represent the induced flight environments to which the 
interfacing experiment is exposed during ascent and earth orbit The experiment is 
expected to survive and/or operate when exposed to any feasible combination of those 
parameters encountered from ascent through mission operation. 

3.6.1 Acoustic . Maximum expected flight acoustic environment at the MPTB interface 
with the host vehicle is shown in Figure 17. 
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Figure 17 - Acoustic Environment 




3.6.2 Vibration . Maximum predicted launch vibration levels for the at the MPTB interface 
with the host vehicle are shown in Figure 18. 
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Figure 18 - Maximum Expected Launch Vibration Levels 

3.6.3. vShock . The predicted pryro-shock levels at the MPTB interface with the host 
vehicle are shown in Figure 19. 
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Figure 19 - Maximum Expected Pyro-shock Levels 





















5.0 TEST 


The MPTB daughterboard will undergo environmental and functional testing at NRL after 
integration into the experiment panels. 

5.1 PRE-INTEGRATION TESTS 

5.1.1 Visual Inspection . Each flight daughterboard will be visually inspected for flight 
worthiness. 

5 .1.2 Physical Properties Inspected . Each flight daughterboard will be measured and 
weighed to insure that it falls within, the defined envelope and weight 

5 .1.2 Interface Verification Test . Each daughterboard will be inserted into a test 
experiment panel motherboard to test out its interfaces. 

5.1.2.1 Digital Interface Test The waveforms described in Section 3.3 will be tested. 
Data set up and hold times will be measured. 


5.2 POST-INTEGRATION TESTS 

5.2.1 Tests Performed at NRL . 

5.2.1.1 Test Performed on the Engineering Model - Oual Level Test 

1. Random vibration at flight level +6dB, 3 axes for 3 minutes each 

2. Acoustic at flight level +6dB for 2 minutes 

3. Flight shock level, 3 axes, 3 shocks each 

4. Thermal Cycle: -20C to +60C, 9 cycles 

5. EMI testing 

5.2.1.2 Test Performed on the Flight Unit 

1. Random vibration at flight level, 3 axes for 1 minute each 

2. Acoustic at flight level for 1 minute 

3. Flight shock level, 3 axes, 1 shock each 

4. Thermal Cycle: -10C to +50C, 9 cycles at box level 

5. Thermal Vacuum: -10C to+50C, 3 cycles at system level 

6 . EMI testing 




6.0 ACCEPTANCE CRITERIA 


To be accepted as a candidate flight board for the USA experiment, a daughterboard must 
meet the following criteria: 

1 . NRL review during PDR and CDR. 

2. Delivery of engineering model prior to qualification testing. 

3. Delivery of flight daughterboard before final integration and test. 

4. Satisfactorily complete pre-integration testing. 

5. Satisfactorily complete environmental testing. 

6.1 Deliverables 

1. Engineering Model. 

2. Flight daughterboard. 

3. Full board schematic. 

4. List of discrete analog input and outputs. 

5. Command and digital dafta interface description. 

5. Documentation describing board functions. 


APPENDIX - SUGGESTED INTERFACE DEVELOPMENT TOOLS 

The flight software on MPTB will be developed using Nohau’s Emul51-PC emulation 
hardware. Chip Tools’s Simulator and Debugger, and Franklin Software’s C51 compiler 
and A51 assembler. The processor is an 805 1FC running at 12 Mhz. These tools will be 
hosted on a PC running DOS and Windows 3.1. The ONLY interface to the 
daughterboards from the EPP is through the memory mapped interface. Data into and out 
of the daughterboards will be done as described in Section 3.4 of this document 
Replication of the circuitry in Figure 5 would be desirable to emulate the hardwarer*. 
interface. The BD_SEL* line can be generated by decoding the upper 5 bits of the 805 1 
address bus to memory map the daughterboard’s 2K memory location into the upper 16K 
locations in the 805l’s memory map. 



APPENDIX B. NCDRILL AND NCROUTE FILES 

The outputs below are a print out of the NCDRILL and NCROUTE tape files. 
A* NCDRILL FILE 


/LEADER: 12 
/HEADER: 


/CODE : ASCII 


FILE : 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 


ncdrilll for layers TOP and BOTTOM 

1. = 26.000000 PLATED MILS 

2. = 28.000000 PLATED MILS 

3. = 36.000000 PLATED MILS 

4. - 39.000000 PLATED MILS 

5. = 44.000000 PLATED MILS 

6. = 45.000000 PLATED MILS 

7. = 110.000000 PLATED MILS 

8. = 120.000000 PLATED MILS 

9. = 140.000000 PLATED MILS 

10. = 150.000000 PLATED MILS 


G90 

X00400Y02800 

R13X00100 

X01700Y03400 

R13X-00100 

X00400Y03550 

R13X00100 

X01700Y04150 

R13X-00100 

X00400Y04300 

R13X00100 

X01700Y04900 

R13X-00100 

X00400Y05050 

R13X00100 

X01700Y05650 

R13X-00100 

X00600Y02350 

R11X00100 

X01700Y02650 

R1IX-00100 

X00500Y01800 

R09X00100 

X01400Y02100 

R09X-00100 

X00500Y00900 

R19X00100 

X02400Y01500 

R19X-00100 

X01800Y01800 

R07X00100 

X02500Y02100 

R07X-00100 

X02100Y02500 

R11X00100 

X03200Y02900 
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R11X-00100 

X02100Y03200 

RllXOOlOO 

X03200Y03600 

RllX-OOlOO 

X02100Y03800 

R09X00100 

X03000Y04100 

R09X-00100 

X02100Y04300 

R09X00100 

X03000Y04600 

R09X-00100 

X02100Y04800 

R09X00100 

X03000Y05100 

R09X-00100 

X02100Y05300 

R09X00100 

X03000Y05600 

R09X-00100 

X03030Y00840 

RllXOOlOO 

X04130Y01440 

RllX-OOlOO 

X03500Y01800 

RllXOOlOO 

X04600Y02200 

RllX-OOlOO 

X03500Y02500 

RllXOOlOO 

X04600Y02900 

RllX-OOlOO 

X03600Y03200 

R09X00100 

X04500Y03500 

R09X-00100 

X03600Y03800 

R1OXOOIOO 

X04600Y04200 

R1OX-OOIOO 

MOO 

X04250Y01940 

X00800Y02000 

X01570Y02320 

X01640Y02620 

X01740Y00930 

X02100Y02250 

X01200Y02250 

X00790Y02690 

X00760Y04010 

X03880Y03970 

X02800Y02170 

X04360Y04230 

X02780Y00930 

X01480Y00860 

X04150Y04030 



X04000Y04030 
X01370Y01930 
X04300Y02020 
X01430Y03460 
X02740Y02050 
X02580Y01960 
X03840Y05200 
X04170Y04740 
X03830Y05070 
X04170Y05200 
X03530Y04500 
X03630Y03050 
X03500Y03050 
X01270Y01440 
X0157 0Y0144 0 
X00730Y01830 
X01530Y01830 
X01550Y02780 
X01040Y02710 
X01070Y01530 
X01630Y01740 
X00960Y01740 
X00920Y00400 
X04070Y04330 
X00990Y00380 
X01640Y02710 
X00940Y02680 
X01780Y02750 
X01760Y01470 
X00830Y01470 
X04360Y03550 
X01230Y02760 
X01030Y01560 
X04390Y04080 
X01330Y01860 
X01290Y00390 
X04220Y05650 
X03550Y0527 0 
X03550Y04 660 
X03880Y05300 
X03830Y04580 
X02900Y04900 
X02570Y04450 
X04490Y04940 
X04510Y04710 
X02430Y04480 
X02500Y04960 
X02400Y04740 
X03840Y04770 
X03830Y04630 
X02930Y05050 
X02800Y05230 
X02530Y05730 
X04410Y05400 
X02430Y05730 
X04410Y05760 
X01240Y01380 



X01250Y03360 

X00880Y00480 

X02000Y01560 

X01970Y02380 

X00800Y02440 

X00800Y02590 

X00840Y02400 

X00840Y01410 

X01170Y01600 

X02250Y04060 

X02050Y03020 

X01220Y03020 

X01910Y05590 

X00540Y04420 

X01890Y04870 

X01820Y05260 

X01820Y02560 

X01120Y02590 

X01850Y04760 

X01850Y02590 

X01160Y03780 

X04000Y05390 

X02360Y02260 

X01300Y02280 

X03940Y03930 

X02400Y03940 

X04470Y05120 

X04470Y03890 

X02270Y02220 

X01420Y02220 

X02560Y05010 

X02170Y02350 

X02100Y04370 

X01340Y04330 

X03020Y02000 

X01500Y02000 

X01500Y01650 

X02330Y03090 

X00800Y02190 

X02400Y02290 

X01410Y00480 

X01410Y00800 

X01610Y01010 

X03890Y02410 

X02400Y03400 

X02300Y03320 

X04370Y03290 

X02200Y03290 

X04330Y03260 

X02100Y03260 

X04200Y03130 

X02230Y02630 

X04370Y03020 

X02300Y03020 

X02430Y02660 

X02830Y04020 

X04180Y02260 



X02400Y02570 
X02300Y02600 
X02200Y02790 
X03780Y02700 
X02100Y02970 
X00630Y02220 
X0067 0Y02160 
X01560Y02130 
X02980Y03140 
X00700Y03170 
X01140Y00600 
X0107 0Y0277 0 
X00800Y0314 0 
X0308 0Y03110 
X03670Y03170 
X0104 0Y01640 
X01340Y01640 
X03860Y03830 
X03200Y03800 
X01060Y02820 
X01000Y03750 
X00870Y00610 
X03700Y03660 
X03100Y03660 
X01150Y02130 
X03000Y03740 
X01200Y03720 
X00730Y02730 
X00750Y00790 
X02930Y0384 0 
X03570Y03860 
X00660Y02850 
X00770Y00680 
X02700Y03700 
X02540Y02860 
X04140Y02120 
X04320Y05660 
X04030Y05650 
X04740Y05450 
X02040Y05430 
X00290Y05520 
X04760Y05230 
X0358 0Y05200 
X04760Y04970 
X04330Y0474 0 
X04010Y04740 
X03940Y04910 
X02040Y04920 
X00290Y04720 
X02040Y04430 
X03490Y04020 
X02040Y03920 
X00300Y03970 
X02040Y03530 
X03380Y03490 
X02040Y03280 
X00300Y03220 




X04720Y02820 

X03220Y02750 

X02020Y02720 

X04550Y02350 

X00540Y02480 

X04770Y01810 

X01690Y01850 

X00350Y01930 

X02900Y01220 

X00340Y01320 

X04770Y04730 

X04370Y05350 

X04420Y04830 

X03560Y04820 

X04420Y05330 

X04170Y05390 

X04780Y04530 

X03240Y04200 

X00290Y04280 

X02670Y02160 

X00440Y02140 

X04760Y01260 

X04420Y01230 

MOO 

X03250Y05100 

X03250Y05600 

X03370Y05100 

X03370Y05600 

X03070Y01900 

X03270Y01900 

X03700Y05500 

X03700Y05600 

MOO 

X00950Y00550 

R31X00100 

X00950Y00450 

R31X00100 

X00950Y00350 

R3IXOOlOO 

MOO 

X03500Y05100 

MOO 

X03500Y05600 

MOO 

X00500Y00625 

X00500Y00275 

X04500Y00275 

X04500Y00625 

MOO 

X00728Y00450 

X04272Y00450 

MOO 

X00500Y00450 

X04500Y00450 

MOO 

X00250Y00150 

X00150Y02320 



X00250Y05850 

X02450Y05850 

X04700Y05850 

X04850Y02340 

X04750Y00150 

M30 


B. NCROUTE FILE 

;EXTENTS: -1.000 -1.000 10.000 7.500 

;LEADER: 12 

;HEADER: none 

;CODE : ASCII 

;FILE : brd23 for board 

/tmp_mnt/h/galaxy_ul/mooney/thesis/project/brd23.brd 
% 

G90 
FI 
Ml 6 
T01 
Ml 6 

GO0X05000Y06000 
M15 

G01X05000Y00190 

GO1X0481OYOOOOO 

G01X00190Y00000 

G01X00000Y00190 

G01X00000Y06000 

GO1X05000Y06000 

Ml 6 

G40 

M30 
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APPENDIX C. DATASHEETS 


The following Pages include manufacturer datasheets from the following companies: 

• UTMC 

• Harris 

• Vitesse 

• IDT 

• National Semiconductor 

• ELCO 

• Phillips 

• Ralton 

• Ohmite 

• Motorola 
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FEATURES 

□ Three 16-bit timer/counters 

• High speed output 

• Compare/capture 

- Pulse width modulator 

- Watchdog timer capabilities 

□ 256 bytes of on-chip data RAM 

□ 32 programmable I/O lines 

□ .7 interrupt sources 

□ Programmable serial channel with: 

- Framing error detection 

- Automatic address recognition 

□ TIL and CMOS compatible logic levels 

□ 64K external data and program memory space 

□ MCS®-51 fully compatible instruction set 


□ Flexible clock operation 

- 1Hz to 20MHz with external clock 

- 2MHz to 20MHz using internal oscillator with 
external crystal 

□ Radiation-hardened process and design: total dose 
irradiation testing MIL-STD-883 Method 1019 

- Total dose: 1.0E6 rads(Si) 

- Single event upset: <25.6E-6 errors/device-day 

- Latchup immune 

□ Post-radiation AC/DC performance characteristics 
guaranteed to MIL-STD-883 Method 1019 testing at 
1.0E6rads(Si) 

□ Built on low-power, l.2pCMOS process 

□ Packaging options: 

- 40-pin DIP 

- 44-lead flatpack 
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Figure 1. UT69RH051 Microcontroller Block Diagram 
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1.0 INTRODUCTION 

The UT69RH051 is a radiation-tolerant 8-bit 
microcontroller that is pin equivalent to the Intel 8XC51FC 
microcontroller. The UT69RH051 ’s static design allows 
operation from 1Hz to 20MHz. This product brief will 
describe hardware and software interfaces to the 
UT69RH051. 


2.0 SIGNAL DESCRIPTION 
Vdd: +5V Supply voltage 
V s s: Circuit Ground 

Port 0 (PO.O - P0.7): Port 0 is an 8-bit port. Its pins are used 
as the low-order multiplexed address and data bus during 
accesses to external program and data memory. Port 0 pins 
use strong internal pullups when emitting 1 ’s, and are lTL 
compatible. 

Port 1 (P1.0 - P1.7): Port 1 is an 8-bit bidirectional I/O port 
with internal pullups. The output buffers can drive TTL 
loads. When the Port 1 pins have l’s written to them, they 
are pulled high by the internal pullups and can be used as 
inputs in this state. As inputs, any pins that are externally 
pulled low will source current because of the pullups. In 
addition. Port 1 pins have the alternate uses shown in 
table 1. 

Port 2 (P2.0 - P2.7): Port 2 is an 8-bit port. Its pins are used 
as the high-order address bus during accesses to external 
Program Memory and during accesses to external Data 
Memory that uses 16-bit addresses (i.e., MOVX@DPTR). It 
uses strong internal pullups when emitting Ts in this mode. 
During operations that do not require a 16-bit address, Port 
2 emits the contents of the P2 Special Function Registers 
(SFR). The pins have internal pullups and can drive TTL 
loads. 

Port 3 (p3.0 - p3.7): Port3 is an 8-bit bidirectional I/O port 
with internal pullups. The output buffers can drive TTL 
loads. When the Port 3 pins have l’s written to them, they 
are pulled high by the internal pullups and can be used as 
inputs in this state. As inputs, any pins that are externally 
pulled low will source current because of the pullups. In 
addition. Port 3 pins have the alternate uses shown in 
table 2. 


Table 1. Port 1 Alternate Functions 


Port 

Pin 

Alternate 

Name 

Alternate Function 

P1.0 

T2 

External clock input to Timer/ 
Counter 2 

Pl.l 

T2EX 

Timer/Counter 2 Capture/Reload 
trigger and direction control 

P1.2 

ECI 

External count input to PCA 

P1.3 

CEXO 

External I/O for PCA capture/ 
compare Module 0 

PI.4 

CEX1 

External I/O for PCA capture/ 
compare Module 1 

PI.5 

CEX2 

External I/O for PCA capture/ 
compare Module 2 

P1.6 

CEX3 

External I/O for PCA capture/ 
compare Module 3 

P1.7 

CEX4 

External I/O for PCA capture/ 
compare Module 4 


Table 2. Port 3 Alternate Functions 


Port 

Pin 

Alternate 

Name 

Alternate Function 

P3.0 

RXD 

Serial port input 

P3.1 

TXD 

Serial port output 

P3.2 

INTO 

External interrupt 0 

P3.3 

INTI 

External interrupt 1 

P3.4 

TO 

External clock input for Timer 0 

P3.5 

T1 

External clock input for Timer 1 

P3.6 

WR 

External Data Memory write 
strobe 

P3.7 

RD 

External Data Memory read 
strobe 


RST: Reset Input. A high on this input for one oscillator 
period while the oscillator is running resets the device. All 
ports and SFRs reset to their default conditions. Internal 
data memory is undefined after reset. Program execution 
begins within 12 oscillator periods (one machine cycle) 
after the RST signal is brought low. RST contains an 
internal pulldown resistor to allow implementing power-up 
reset with only an external capacitor. 






ALE: Address Latch Enable. The ALE output is a pulse for 
latching the low byte of the address during accesses to 
external memory. In normal operation the ALE pulse is 
output every sixth oscillator cycle and may be used for 
external timing or clocking. However, during each access to 
external Data Memory (MOVX instruction), one ALE pulse 
is skipped. 

PSEN: Program Store Enable. This active lo w sign al is the 
read strobe to the external program memory. PSEN i s 
activated every sixth oscillator cycle except that two PSEN 
activations are skipped during external data memory 
accesses. 

EA: External Access Enable. This pin should be strapped to 
Vss (Ground) for the UT69RH051. 

XTAL1: Input to the inverting oscillator amplifier. 

XTAL2: Output from the inverting oscillator amplifier. 
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. UT69RH051 Pin Connections 


2.1 Hardware/Software Interface 

2.1.1 Memory 

The UT69RH051 has a separate address space for Program 
and Data Memory. Internally the UT69RH051 contains 256 
bytes of Data Memory. It can address up to 64 Kbytes of 
external Data Memory and 64Kbytes of external Program 
Memory. 

2.1.1.1 Program Memory 

There is no internal program memory in the UT69RH051. 
All program memory is accessed as external through ports 
PO and P2. The EA pin must be tied to Vss (ground) to 
enable access to external locations OOOOh through 7 FFFh. 

2.1.1.2 Data Memory 

The UT69RH051 implements 256 bytes of internal data 
RAM. The upper 128 bytes of this RAM occupy a parallel 
address space to the SFRs. The CPU determines if the 
internal access to an address above 7FH is to the upper 128 
bytes of RAM or to the SFR space by the addressing mode 
of the instruction. If direct addressing is used, the access is 
to the SFR space. If indirect addressing is used, the access is 
to the internal RAM. Stack operations are indirectly 
addressed so the upper portion of RAM can be used as stack 
space. Figure 3 shows the organization of the internal Data 
Memory. 

The first 32 bytes are reserved for four register banks of 
eight bytes each. The processor uses one of the four banks 
as its working registers depending on the RS1 and RSO bits 
in the PSW SFR. At reset, bank 0 is selected. If four register 
banks are not required, use the unused banks as general 
purpose scratch pad memory. The next 16 bytes (128 bits) 
are individually bit addressable. The remaining bytes are 
byte addressable and can be used as general purpose scratch 
pad memory. For addresses 0 - 7Fh, use either direct or 
indirect addressing. For addresses larger than 7Fh, use only 
indirect addressing. 

In addition to the internal Data Memory, the processor can 
access 64 Kbytes of external Data Memory. The MOVX 
instruction accesses external Data Memory. 


2.12 Special Function Registers 
Table 3 contains the SFR memory map. Unoccupied 
addresses are not implemented on the device. Read accesses 
to these addresses will return unknown values and write 
accesses will have no effect. 
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Figure 3. Internal Data Memory Organization 


2.1.3 Reset 

The reset input is the RST pin. To reset, hold a the RST pin 
high for a minimum of 24 oscillator period while the 
oscillator is running. The CPU generates an internal reset 
from the external signal. The ports pins are driven to the 
reset state as soon as a valid high is detected on the RST 
pin. 

While RST is high, PSER, ALE, and the port pins are 
pulled weakly high. All SFRs are reset to their reset values 
as shown in table 3. The internal Data Memory content is 
indeterminate. 


The processor will begin operation one machine cycle after 
the RST line is brought low. A memory access occurs 
immediately after the RST line is brought low, but the data 
is not brought into the processor. The memory access 
repeats on the next machine cycle and actual processing 
begins at that time. 

2.1.4 Instruction Set 

The instruction set for the UT69RH051 is compatible to the 
Intel MCS-51 instruction set used on the 8XC51FC. 



4 


j 





Table 3. SFR Memory Registers 


CH I CCAPOH I CCAP1H CCAP2H CCAP3H CCAP4H 

OOOOOOOO xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx 


FO B 

00000000 


ACC 

00000000 

CCON 

00X00000 

PSW 

00000000 

T2CON 

00000000 


CL CCAPOL CCAP1L CCAP2L CCAP3L CCAP4L 

00000000 xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx 


CMOD CCAPMO CCAPM1 CCAPM2 CCAPM3 CCAPM4 

OOXXXOOO xoooooooo xoooooooo xoooooooo xoooooooo xoooooooo 


T2MOD RCAP2L 
XXXXXXOO 00000000 


RCAP2H TL2 TH2 

00000000 00000000 00000000 


IP 

xooooooo 

SADEN 

00000000 







P3 

11111111 







IPH 

XOOOOOOOO 

E 

00000000 

SADDR 

00000000 







P2 

11111111 








SCON 

00000000 

SBUF 

XXXXXXXX 







PI 

11111111 








TCON 

00000000 

TMOD 

00000000 

TLO 

00000000 

TL1 

00000000 

THO 

00000000 

TH1 

00000000 



PO 

11111111 

SP 

00000111 

DPL 

00000000 

DPH 

00000000 




PCON 

ooxxooxx 


Notes: 

1. Values shown are the reset values of the registers. 

2. X = undefined. 
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3.0 RADIATION HARDNESS 

The UT69RH051 incorporates special design and layout 
features which allow operation in high-level radiation 
environments. UTMC has developed special 
low-temperature processing techniques designed to 
enhance the total-dose radiation hardness of both the 
gate oxide and the field oxide while maintaining the 


circuit density and reliability. For transient radiation 
hardness and latchup immunity, UTMC builds all 
radiation-hardened products on epitaxial wafers using an 
advanced twin-tub CMOS process. In addition, UTMC 
pays special attention to power and ground distribution 
during the design phase, minimizing dose-rate upset 
caused by rail collapse. 


RADIATION HARDNESS DESIGN SPECIFICATIONS 1 


PARAMETER 

CONDITION 

MINIMUM 

UNIT 

Total Dose 

+25°C per MIL-STD-883 Method 1019 

1.0E6 

rads(Si) 

Dose Rate Upset 

< 4fis pulsewidth 

1.0E8 

rads(Si)/sec 

Dose Rate Survival 

20ns pulsewidth 

1.0E10 

rads(Si)/sec 

LET Threshold 

-55°C to + 125°C 

36 

MeV- 

cm 2 /mg 

Neutron Fluence 

IMeV equivalent 

1.0E14 

n/cm 2 


nwc; . 

1. The UT69RH051 will not latchup during radiation exposure under recommended operating conditions. 


4.0 ABSOLUTE MAXIMUM RATINGS 1 
(Referenced to Vss) 


SYMBOL 

PARAMETER 

LIMITS 

UNITS 

Vdd 

DC Supply Voltage 

-0.5 to 7.0 

V 

Vi/o 

Voltage on Any Pin 

-0.5 to V D d+3V 

V 

Tstg 

Storage Temperature 

-65 to +150 

°c 

Pd 

Maximum Power Dissipation 

750 

mW 

Tj 

Maximum Junction Temperature 

175 

°C 

©JC 

Thermal Resistance, Junction-to-Case 2 

10 

°c/w 

II 

DC Input Current 

±10 

mA 


1. Stresses outside the listed absolute maximum ratings may cause permanent damage to the device. This is a stress rating only, and functional operation 
of the device at these or any other conditions beyond limits indicated in the operational sections of this specification is not recommended. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

2. Tfest per MIL-STD-883, Method 1012. 






6.0 DC ELECTRICAL CHARACTERISTICS (Pre/Post-Radiation)* 
V D d = 5.0V ± 10%; TA = -55°C < T c < + 125°C) 


SYMBOL 

PARAMETER 

CONDITION 

MINIMUM 

MAXIMUM 

UNIT 

VlL 

Low-level Input Voltage 


-0.5 

.8 

fl 

VlH 

High-level Input Voltage 
(except XTAL2, RST, EA) 


2.0 

Vdd+0.3 

■ 

VlHl 

High-level Input Voltage 
(XTAL, RST) 


3.85 

Vdd+0.3 

■ 

VOL 

Low-level Output Voltage 1 
(Ports 1,2 and 3) 

Iol = IOOjiA 


0.3 

fl 

Iol = l-6mA 


0.45 

fl 

Iol = 3.5mA 


1.0 

D 

VOLI 

Low-level Output Voltage 1 

Iol - 200pA 


0.3 

n 

(Port 0, ALE/PROG, PSEN) 

Iol = 3.2mA 


0.45 

D 

Iol ~ 7.0mA 


1.0 

n 

VoH 

High-level Output Voltage 
(Ports 1, 2, and 3 

ALE/PROCj and F5ER) 

lOH = -10pA 

4.2 


d 

Ioh = -30pA 

3.8 


a 

Ioh = -60^A 

3.0 


a 

VoHl 

High-level Output Voltage 
(Port 0 in External Bus Mode) 

Ioh = -200pA 

4.2 


a 

Ioh “ -3.2mA 

3.8 


D 

Ioh = -7.0mA 

3.0 


V 

IlL 

Logical 0 Input Current 
(Ports 1, 2, and 3) 

Vin = 0.45V 


-50 

\iA 

Iu 

Input Leakage Current 
(Port 0) 

Vin = V IL or V IH 


±10 

ma 

Itl 

Logical 1 to 0 Transition Current 
(Ports 1, 2, and 3) 

Vin = 2V 


-650 

pA 

Cio 

Pin Capacitance 

@ 1MHZ, 25°C 


10 

pF 

Icc 

Power Supply Current: 

(Running at 16MHz) 

Note 2 


52 

mA 


Notes: 

* Post-radiation performance guaranteed at 25 °C per MIL-STD-883. 

1. Under steady state (non-transient) conditions, Iol must be limited externally as follows: 

Maximum Iol per P° rt pi n: 10mA 

Maximum Iol per 8-bit port- 

Port 0: 26raA 

Ports 1, 2, & 3: 15mA 

Maximum total Iol for a H output pins: 71mA 

If IoL excee< & the test condition, Vql raa y exceed the related specification. Pins are not guaranteed to sink current greater than the listed test 
conditions. 

2. See figures 4,5, and 6 for test conditions. 
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Figure 5. Clock Signal Waveform for Ice Tests in Active and Idle Modes 
tcLCH = Ichcl = 5ns 




7.0 AC CHARACTERISTICS READ CYCLE (Post-Radiation)* 
(V DD = 5.0V ± 10%; -55°C < T c < +125°C)_ 


\ ’ L/U - 

SYMBOL 

PARAMETER 

MINIMUM 

MAXIMUM 

UNIT 

tCLCL 

Clock Period 

50 


ns 

1/tCLCL 

Oscillator Frequency 


16 

MHz 

tLHLL 

ALE Pulse Width 

2 tCLCL- 40 


ns 

tAVLL 

Address Valid to ALE Low 

tCLCL-4° 


ns 

tLLAX 

Address Hold after ALE Low 

tCLCL-30 


ns 

tLUV 

ALE Low to Valid Instruction In 


4 tcLCL-100 

ns 

tLLPL 

ALE Low to PSEN Low 

tCLCL *30 


ns 

tpLPH 

PSEN Pulse Width 

3 tCLCL' 45 


ns 

tpLIV 

PSEN Low to Valid Instruction In 


3 tcLCL-105 

ns 

tpxix 

Input Instruction Hold after PSEN 

0 


ns 

tpxiz 

Input Instruction Float After PSEN 


tCLCL-25 

ns 

Uviv 

Address to Valid Instruction In 


5 tcLCL-105 

ns 

tpLAZ 

PSEN Low to Address Float 


10 

ns 

tRLRH 

RD Pulse Width 

6 tcLCL-100 


ns 

t\VLWH 

WR Pulse Width 

6 tcLCL-100 


ns 

tRLDV 

RD Low to Valid Data In 


5 tcLCL-165 

ns 

tRHDX 

Data Hold After RD 

0 


ns 

tRHDZ 

Data Float After RD 


2 tcLCL-60 

ns 

tLLDV 

ALE Low Valid Data In 


8 tcLCL-150 

ns 

tAVDV 

Address to Valid Data In 


9 tcLCL-165 

ns 

tLLWL 

ALE Low to RD or WR Low 

3 tcLCL-50 

3 tCLCL+50 

ns 

tAVWL 

Address Valid to WR Low 

4 tcLCL*130 


ns 

tQVWX 

Data Valid Before WR 

tCLCL-50 


ns 

t\VHQX 

Data Hold After WR 

tCLCL *50 


ns 

tQVWH 

Data Valid to WR High 

7 tcLCL-150 


ns 

tRLAZ 

RD Low to Address Float 


0 

ns 

tWHLH 

RD or WR High to ALE High 

tCLCL-40 

tCLCL +40 

ns 


• Post-radiation performance guaranteed at 25°C per MIL-STD-883 Method 1019 at 1.0E6 rads(Si). 
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Figure 6. External Program Memory Read Timing Waveforms 



Figure 7. External Data Memory Read Cycle Waveforms 



Figure 8. External Data Memory Write Cycle Waveforms 












k 8.0 SERIAL PORT TIMING CHARACTERISTICS 


(V DD = 5.0V ± 10%; -55°C < T c < +125°C) 


SYMBOL 

PARAMETER 

MINIMUM 

MAXIMUM 

UNIT 

tXLXL 

Serial Port Clock Period 

12 tcLCL'lO 

12 t(XCL+10 

ns 

tQVXH 

Output Data Setup to Clock Rising Edge 

10 tcLCL'133 


ns 

tXHQX 

Output Data Hold after Clock Rising Edge 

2 tcLCL'70 


ns 

*XHDX 

Input Data Hold after Clock Rising Edge 

0 


ns 

tXHDV 

Clock Rising Edge to Input Data Valid 


10 tcLCL-133 

ns 
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Figure 9. Serial Port Timing Waveforms 


9.0 EXTERNAL CLOCK DRIVE TIMING CHARACTERISTICS 


SYMBOL 


PARAMETER 


MINIMUM 


MAXIMUM 


UNIT 


1/tCLCL 


Oscillator Frequency 


16 


MHz 


tCHCX 

tCLCX 

tCLCH 

tCHCL 


High Time 
Low Time 
Rise Time 
Fall Time 


20 

20 


ns 


ns 


ns 


20 

20 


ns 




































TBD 


Figure 12. 44-Lead Flatpack 























APPENDIX A 

Difference Between Intel 8XC51FC and UTMC69RH051 


There are a few areas in which the UT69RH051 differs from 
the 8XC51FC. These differences will be covered in this 
section. In this discussion, 8XC51FC will be used 
generically to refer to all speed grades of the Intel 
8XC51FC family, including the 20MHz 8XC51FC-1. 

1.0 RESET 

The UT69RH051 requires the RST input to be held high for 
at least 24 oscillator periods to guarantee the reset is 
completed in the chip. Also, the port pins are reset 
asynchronously as soon as the RST pin is pulled high. On 
the UT69RH051 all portions of the chip are reset 
synchronously when the RST pin is high during a rising 
edge of the input clock. When coming out of reset, the 
8X C51FC takes 1 to 2 machine cycles to begin driving ALE 
and PSEN immediately after the RST is removed but the 
access during the first machine cycle after reset is ignored 
by the processor. The second cycle will repeat the access 
and processing will begin. 

2.0 POWER SAVING MODES OF OPERATION 

2.1 Idle Mode 

Idle mode and the corresponding control bit in the PCON 
SFR have not been implemented in the UT69RH051. 

Setting the idle control bit will have no effect. 


22 Power Down Mode 

Power down mode and the corresponding control bit in the 
PCON register have not been implemented in the 
UT69RH051. Setting the power down control bit will have 
no effect. Also, the Power Off Flag in the PCON has not 
been implemented. 

3.0 ON CIRCUIT EMULATION 

The On Circuit Emulation mode of operation in the 
8XC51FC has not been implemented in the UT69RH051. 

4.0 OPERATING CONDITIONS 

The operating voltage range for the 8XC51FC is 5V ± 20%. 
The operating temperature range is 0° to 70°C. On the 
UT69RH051, the operating voltage range is 5V ± 10%. The 
operating temperature range is -55° to +125°C. 




APPENDIX B 

Impact of External Program ROM 


The 8051 family of microcontrollers, including the 
8XC51FC, use ports 0 and 2 to access external memory. In 
implementations with external program memory, these two 


ports are dedicated to the program ROM interface and can 
not be used as Input/Output ports. The UT69RH051 uses 
external program ROM, so ports 0 and 2 will not be 
available for I/O. 
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features j 

□ High speed Universal RADpal 
' ltPD : 25 m maximum 

- 30MHzimajimiMn external frequency 

- Supported by industry-standard programmer 

• 'Amorphous sOicjon anti-fuse 

□ Asynchronous & synchronous RADpal operation 

- Synchronous PRESET 

• Asynchronous RESET 

□ UpftO 22 input and 10 output drivers may be 
configured 

- CMOS & TTL-compatible input and output levels 

- Three-state output drivers 

■ i 

□ Variable product terms, 8 to 16 per output 

□ 10 user-programmable output macrooeUs 

- Registered 01 combinatorial operation 

- Output driver polarity-control selectable 

• 2 feedback paths available 


□ Low operating current 

- Idd : 60mA @ 1MHz 

□ Vdj y. 5-0 volts ± 10% 

□ Radiation-hardened process and design; total dose 
irradiation testing to MIL-STD-883, Method 1019 

- Tbtal dose: 1.0E6 rads(Si) 

* Single event effects: 

Upset threshold 50 MeV-cnvtymg (min) 
Latchup immune 

- Neutron flucrsce: L0E14 n/cm 2 

□ QMLQ&Voompfiant part (checkfactory for 
availability) 

□ Packaging options: 

- 24-pin 100-mfl center DIP (0300 xL2) 

• 24-lead flatpack (45 x .64) 

- 23-lead quad-flatpack (.45x45) 

□ Standard Military Drawing 5962-94754 available 




Figure L Block Diagram 












PRODUCT DESCRIPTION 


The UT22VP10 RADfWL is a fuse programmable logic 
array device. The familiar som-af-products (AND-OR) 
log^: structure is complemented 'with a programmable 
macrocelL The UT2ZVP10 fe available in 24-pin DIP, 


24-lead flatpadc, and 23-lead quad-flaipack package of¬ 
ferings providing up to 22 inputs and 10 outputs. Amor¬ 
phous silicon anti-fiise technology provides the program¬ 
ming of each output The user specifies whether each of 
the 'potential outputs is registered or combinatorial Out* 
put polarity is also individually selected, allowing for 
greater flexibility for output configuration. A unique out* 
pot bnable function allows the user to configure bidirec¬ 
tional I/O on an individual basis. 


Tbe{ UT22VP10 architecture implements variable prod¬ 
uct terms providing p to 16 product terms to outputs. 
This feature provide^ the user with increased logic func¬ 
tion flexibility. Other features include common synchro¬ 
nous preset and asynchronous reset Tliese features ehm- 
foun ? the need for performing the initialization function. 

The UT22VF10 provides a device with the flexibility to 
implement logic functions in the 500 to 800 gate com* 
plenty. The flexible architecture supports the imple¬ 
mentation of logic functions requiring up to 21 inputs 
andionly a single output or down to 12 inputs and 10 
outputs. 


DlPf & FIATPACK PIN CONFIGURATION 


QUAD-FLATPACK PIN CONFIGURATION 
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PIN NAMES 


CPA 

Qock/Data Input 

I 

Data Input 

I/O 

Data Input/Output 

Vdd 

Power 

Vss 

Ground 
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lot 
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FUNCTION DESCRIPTION 

The UT22VP10 RADjvu, implements logic functions as 
sum-of-products expressions in a one-time program- 
m^>Ic-AND/fixed-OR logic array* User-defined func¬ 
tions are created by programming the connect ions of 
input signal* into the array. User-configurable output 
structures in the form of 1/0 macrocells further increase 
logic flexibility. 


« 
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Table 1. Macrocdl CoofigiH-atkxi Table 


C* 

Cl 

Co 

Output Type 

Polarity 

Feedback 


0 

0 

Registered 

Active LOW 

Registered 

i 

0 

1 

Registered 

Active HIGH 

Registered 

X 

1 

1 

0 

Combinatorial 

Active LOW 

I/O 

X 

1 

1 

Combinatorial 

Active HIGH 

VO 

li 

— oT" 

0 

Registered 

Active LOW 

I/O 

i 

0 i 

1 

Registered 

Active HIGH 

I/O 



OVERVIEW 

The UT22VP10 RADbal architecture (figure 1) has 12 
dedicated inputs and 10 I/Os to provide up to 22 inputs 
and 10 outputs for creating logic functions. At the core 
of the device is a one-time programmable anti-fuse AND 
array that drives a fixed jOR array. With this structure, 
the UT22VP10 can implement up to 10 sum-of-products 
logic expressions. 

Associat ed with each of the 10 OR functions is a macro- 
cell wfafch is independently programmed to one of six 
different configurations. Hie one-time programmable 
macro dells aJkw each I/O to create sequential or combi¬ 
natorial logic functions with either Active-High or Ac- 
tive-lxAv polarity. 


LOGIC ARRAY 

\ 

The oue-tiine programrfiabie AND array of the 
UT22VP10 RADBAL is formed by input lines intersecting 
product terms. The input lines and product terms are 
used as follows: 


44 input lines 

• 24 input fines carry the true and cxxnpiewem of the sig¬ 
nals appBed to the input pins 

• 20 lines carry the true andcompfemeot values of feed- 
bade jar input signals firm the 10 VO* 

132 product terms; 




• 120 product terms (ar ranged in 2 groups of 8,10,12.14, 
and ljS) used to form logic sums 

• 10 output enable terms' (one for each I/O) 

• I global synchronous preset fcnn 

• 1 global asynchronous reset term 

At each! inpuf-Kne/product-term intersection there is an 
anli-fnsb cell which determines whether or not there is a 
logical ckrimecrion at that intersection. A product term 
which y connected to both die true and complement of 
an input signal wO! always be logical zero, and thus will 


not effect the OR function that it derives. When there 
are no connections on a product term, a Don’t Care 
state exists and that term will always be a logical one. 

PRODUCT TERMS 

The UT22VP10 provides 120 product terms that drive 
the 10 OR functions. Tbe 120 product terms connect to 
the outputs in groups of 8,10,12,14, and 16 to from log¬ 
ical sums. 

MACROCELL ARCHITECTURE 

The output macrocdl provides complete control over the 
architecture of each output. Configuring each output 
independently permits users to tailor the configuration 
of the UT22VP10 to meet design requirements. 

Each I/O macrocell (see figure 2) consists of a D flip-flop 
and two signal-select multiplexers. Three configuration 
select bits controlling the multiplexers determine tbe 
configuration of each UT22VP10 macroceH The config¬ 
uration select bits determine output polarity, output type 
(registered or combinatorial) and input feedback type 
(registered or I/O). See figure 3 for equivalent circuits 
tor the macrocell configurations. 

OUTPUT FUNCTIONS 

The signal from the OR array may be fed directly to the 
output pin (combinatorial function) or latched in the D 
flip-flop (registered function). The D Sip-Cop latches 
data on the rising edge of tbe clock. When the synchro¬ 
nous preset terra is satisfied, the Q output of the D flip- 
flop output will be set logical one at the next rising edge 
of the dock input Satisfying the asynchronous dear term 
sets Q logical zero, regardless of the clock state. If both 
terms are satisfied simultaneously, the dear will override 
the preset 









Figure 2. MacroceO 


OUTPUT POLARITY 

i 

Each macroceU canbe configured to implement Active- 
High or Active Low logic. Programmable polarity elimi¬ 
nates the need for external inverters. Unprograromed 
device outputs are logical one (inputs don't care). 

OUTPUT ENABLE 

The output of each I/O macrocell can be enabled or dis¬ 
abled under the control a programmable output enable 
product term. The output signal is propagated to the I/O 
pin when the logical conditions programmed on the out¬ 
put enable term arc satisfied. Otherwise, the output 
buffer is driven into the high-impedance state. 

The output enable term allows the I/O pin to function as 
a dedicated Input, dedicated output, or bidirectional I/O. 
When every connection is unprogrammed, the output 
enable product term permanently enables the output 
buffer and yields a dedicated output. If every connection 
is programmed, the enable term is logically low and the 
I/O functions as a dedicated input. 


REGISTER FEEDBACK 

The feedback signal to die AND array is taken from the 
<3 output when the I/O macrocell implements a regis¬ 
tered function (C 2 — 0, Ci = 0). 

BIDIRECTIONAL I/O 

The feedback signal is taken from the I/O pin when the 
macrocell implements a combinatorial function (Ci = 1) 
or a registered function (Cj “ 1, Ci =* 0). In this case, 
the pin can be used as a dedicated input, a dedicated 
output, or a bidirectional I/O. 

POWER-ON RESET • 

Tb ease system initialization, all D flip-flops will power- 
up to a reset condition and the Q output will be low. The 
actual output of the UT22VF10 will depend on the pro¬ 
grammed output polarity. The Vpp rise must be mono- 
tonic and the reset delay time is 5tu maximum. 

ANTI-FUSE SECURITY 

The UT22VP10 provides a special security bit that pre¬ 
vents unauthorized reading or copying of designs pro¬ 
grammed into the device. The security bit Is set by the 

PLD programmer, at the conclusion of the programming 
cycle. Once the security bit is set it is impossible to verity 
(read) or program the UT22VP10. 








Registered Feedback, Registered, Active-Low Output (C 2 = 0, Ci = 0, C* = 0) 



Registered Feedback, Registered, Active-High Output (Cj = 0, Ci = 8, C* = 1) 



I/O Feedback, Combinatorial, Active-Low Output (C 2 = X, Cj = 1, Co — 0) 


Figure 3. Macrocell Configuration (continued on next page) 











Figure 3. Macroceil Configuration 
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ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 


PARAMETER 


Supply voltage 


Input voltage any pm 


Storage Tfemperature range 


Maximum junction temperature 


Lead t empe rature (soldering 5 seconds) 


Thermal resistance junction to case 


DC input current 


Maximum power dissipation 


LIMIT 


-0.3 to 7.0 


-0.3 to Vdd +5 


-6510+150 


UNITS 


L g-T T-T - a —O'* uVantrdc nrairaeia tttiegs may CMUJC penwwl to fcc TSU is * Kress rating ocly. hintftooal opettlka cf tbc 

device Stf fte*o cr tty <Aa ccpdiiitw* fasywd Sasiti indicated m (be cpentiemel ttc&xu a not secwwecded. Expire to sbwfclenwjjauMiraiaie 
cooifitipas for extended periods may effect device reErimlky. 

2. flee *■* + tos) isv. 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL 


PARAMETER 


Supply voltage 


Input voltage any pin 


Temperature range 


LIMIT 


4.5 to 55 


0 to Vdd 


-55 to +125 


UNITS 
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National Semiconductor 


Juty 1992 


100328 

Low Power Octal ECL/TTL 
Bi-Directional Translator with Latch 


General Description 

The 100328 is an octal latched bnirectionaJ translator de¬ 
signed to oonvert TTL logic levels to 100K ECL logic leveie 
and vice versa. The direction of this translation is deter¬ 
mined by the DR input A LOW on the output enable Input 
(OE) holds the ECL outputs in a cut-off state and the TTL 
outputs at a high impedance level. A HIGH on the latch 
enable Input (LE) laftohee the data at both inputs even 
though only one output b enabled at the tfene. A LOW on LE 
makes the 100328 transparent 

The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output ematsr-tel- 
lowers to turn off when the termination supply is — £LOV, 
presenting a high impedance to the data bus. This high in> 
pedance reduces termination power and prevents loss of 
low state noise margin when several loads snare the but. 


The 100328 is designed with FAST* TTL output buffer*, 
featuring optimal DC drive and capable of quiddy charging 
and discharging highly capacttva loads. All Inputs have 
60 kfl pul-down resistors. 

Features 

m Identical performance to the 100128 at 50% of the 
supply current 

■ Bi-directional translation 

■ 2000V ESD protection 

■ Latched outputs 

■ FAST* TTL output* 

■ TRI-STATE* outputs 

■ Voltage compensated operating range * 

-4.2V to -6.7V 

■ Available to industrial grads temperature range 

■ Avalabte to ML-STEWHQ 


Logic Symbol 


lllllIII , 


Pin Names 

Description 

h '1 h h *4 \ 


E0-E7 

ECL Data I/O 

u 

ne* 

T 0 -T 7 

TTL Data I/O 

or as 

“ 

oe 

Output Enable Input 



LE 

Latch Enable Input 

TTTTTTtT 


DR 

erection Control Input 


All p*e tanoSon «t ICO* ECL town enoept tar V-T*, 


Connection Diagrams 


S4-P1n DJP/SOftC 


as-pm pcc 


24-Pln Oued Cerpek 



T| t, V^T, t, 4 
0 □ CT ffi □ EH X 



P it it h 


m, 

mi 

□DV^ 

av 

DOC 

■«7 


Tiya/i«ie-a 


unit 



24 21 22 21 20 1* 


1 ia 


2 17 

ti- 

1 11 

Q- 

4 IS 


S 14 


« IS 


7 1 1 10 1112 


II I II I 
I? * ^ 


TiyfAieait-* 


FAST* mi TWSTATE* — dfW* Wwk wt Ptetanl 


00328 Low Power Octal ECL/TTL Bi-Directional Translator with Latch 






Functional Diagram 



IMC LE. DIR, and 0£ M BCL logo 


Detail 



Truth Table 


oe 

D1H 

LE 

ECL 

Pon 

m 

Port 

Notes 

L 

X 

L 

LOW 

(Cut-Off) 

z 


L 

L 

H 

Inoiit 

z 

1,3 

L 

H 

H 

LOW 

(Cutom 

Input 

2,3 

H 

L 

L 

L 

L 

1.4 

H 

L 

L 

H 

H 

1,4 

H 

L 

H 

X 

Latched 

1,3 

H 

H 

L 

L 

L 

2.4 

H 

H 

L 

H 

H 

2.4 

H 

H 

H 

Latched 

X 

2.3 


H - HK3H Vbttaga LMl 
L - LOW Vafcaga Lwai 
X- Oont Cara 
Z - rttfi I m padnc * 


Note 1: ECt input to TTL output mod*. 
MHitTTL input to BCL output mod*. 

NW Sc nmn CM* p rmm batora U aat HKSH. 
Nbtb St tateh te tar^pararX 
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Absolute Maximum Ratings (Not* i> 

If III liter y/Aaroapac* apecWad davloM era raquirad, 
pi mm contact the NaUonte Semiconductor Salt* 
Offica/Diasributora lor availabiity and apoeiftcation*. 
Stormy# Tamparatura (T stq) -6?C to +150*C 

Maximum Junction Temperature (Tj) 

Ceramic + 176*C 

Plastic +150*0 

Vee Pin Potential to 

Ground Pin -7.0V to + 0.5V 


Ground Pin -7.0V to +0.5V 

VttL Pin Potential to 

Ground Pin -0.5V to + 5.0V 

Ea input Voltage (DC) Vee to +0.5V 

ECL Output Currant 

(DC Output HH3H) -60mA 

TTL Input Voltage (Not# 3) -0.6V to + 6.0V 

TTL Input Currant (Noli 3) “30 mA to + 5.0 mA 

Mata 1: Ainoknm nwMmum rslngi era boat vaAia beyo n d wt**i fa de¬ 
vice na be damaged or have Mi ueeJul He I mpeded. Fundonei operator) 
undvNMOondkralsnoilnvM. 

Mate t ESO Meting «>nterm« to ldL-8TD-«3, Itetivd »15 
Mate a Either voltage Ml or current Imk la eirffkter* to protect Inpute. 


Voltage Applied to Output 
in HIGH Stata 
TRI-STATE OutoUt 
Currant Applied to TTL 
Output in LOW Stata (Max) 
ESO (Not* 2) 


“0.5V to +5J5V 

Twica the Rated Io_ (mA) 
^2000V 


Recommended Operating 

Conditions 

Caaa Tampa nature (Tc) 

Commercial Q*C to + 86*C 

Industry -40*Cto +86*C 

Mlitary -56*C to + 126*C 

ECL Supply Voltage (Vee) —5.7V to —4.2V 

TTL Supply Voltage (V-mJ + 4.SV to + 5.5V 


Commercial Version 

TTL-to-ECL DC Electrical Characteristics 

Vee - “4.2V to “5.7V, Vcc - Vqqa - QNO, Tq - <TC to + 86*C, VjTL - + 4.6V to +6.6V (Note 4) 



Paramo tar 


Output HIGH Voltage 


Output LOW Voltage 


Cutoff Voltage 


Output HIGH Voltage 
Corner Point rtgrt 


Output LOW Voltage 
Comer Pont Low 


Input HK3H Voltage 


Input LOW Voltage 


Input HGH Currant 


Breakdown Teat 


Input LOW Currant 


Input damp 
Dkxte Voltage 


V^e Supply Currant 




v* - ViHfltodOrViijySn) 

Loedtog with 50ft to -2V 


OE or OF Low, 

V* “ VtHd^orViL^), 

Loadtog with 50ft to -2V 


V« - V|H(Mh) Of Viijyi,,) 
Loadtog with 50ft to -2V 


5.0 


0.8 



Over Vm, Vee, Tc Range 


Ovar Vm. Vee, Tc R^nga 


70 I fiA I Y|| - + 2.7V 


V W - +6.6V 


_1 mA 1 V* - + 0-6V_ 


v l| N -larnA 


IE Low, OE and DIP High 
Inputs Open 

-75 mA V K -4.2V to -4.0V 

“75 Vee “ “4.2V to “5.7V 


Nate 4c The «»dfied Imrti reprasenl the 'Worat caae~ value tor tie perimeter. Sines thaee values normal^ occur at the temperature aetremea. adtiNonaJ notes 
tamunte end e a r^a nd tog oen be eotteved by deo r aedn g the e l e w tols a rteem opening ranges. ContMana Nr teeing sheen In the Mttea ere ohesen to 
yuamtee operator) under "aoratoeae" eondbona. 





















































Commercial Version (contmu«d) 


ECL-to-TTL DC Electrical Characteristics 

Vs - - 4 . 2 V ® -6.7V, Vcc - Vcca “ GND, Tc - 0*C to + 66*C; Cl - 50 pF, Vm. " + 4.SV to + S.SV (Noto) 


Symbol 

Parameter 

urn 

TYP 

Hex 

Unite 

Concfltion* 

VOH 

Output UGH Voltage 

2.7 



V 

IqH - -3 mA, Vm “ 4.75V 


Z.A 



V 

Ioh- -3mA,Vm-4-50V 

Vql 

Output LOW Voltage 


0.3 

0.5 

V 

lot- 24 mA, Vm. — 4.50V 

Vn 

Input HIGH Voltage 

— 1186 


-870 

mV 

Guaranteed HI OH Signal lor Ail Input* 

V|_ 

Input LOW Voltage 

-1830 


-1476 

mV 

Guaranteed LOW Signal tor AH Inputs 

«IH 

Input HIGH Current 



360 


v w - V|h (Wax) 

IlL 

Input UOW Current 

0.50 



jiA 

Vn - V,i (Min) 

*02HT 

TRt-STATECurrwrt 
Output rtfih 



70 

P* 

v 0UT* + 27W 

k32LT 

TRI-STATE Current 
Output Low 

-700 



MA 

vour- +o-6v 

bs 

Output Short-Cira* 
Current 

-150 


—80 

mA 

VQLTT - 0.0V, Vjtl - +5.5V 

h-n. 

V m Supply Current 



74 

mA 

TTL Outputs LOW 




49 

mA 

TTt Output* HIGH 





87 

mA 

TTL Output* in TRI-STATE 


DIP TTL-to-ECL AC Electrical Characteristics 

Vgs - -4.2V to -5.7V.Vttl - +4.5V to + 6.SV. Vpc ■ VCCA ~ QUO (NOW) 


lymW 


T C 

- crc 

TC“ 

arc 

T C - 

65 *C 

Unite 

Conditions 

WlVflW 

Mil 

Max 

Min 

Max 

Milt 

Max 


V*LH 

tpHL 

TNtOEo 

(Transparent) 

1.1 

3.5 

1.1 

3.6 

1.1 

3.6 

ne 

ne 

Ffgurm t S2 

tpLH 

tpHL 

LEtt)E„ 

1.7 

3,0 

1.7 

3.7 

1.9 

3.9 

ne 

ne 

Ffgurm t A2 

tf>ZH 

OE toEn 

(Cutoff to High) 

1.3 

4 2 

1.5 

4.4 

. 1.7 

4.8 

ne 

Ffgurm M2 

tpH2 

OEtoE„ 

(High to Culo«) 

1.6 

4.5 

1.6 

4.6 

1.6 

4.8 

ne 

Ffgurm M2 

tPHZ 

OtR to Eft 
(High to Cutoff) 

1.6 

4.3 

1.6 

4.3 

1.7 

4.5 

ne 

Ffgurm t&2 

w 

T„toLE 

1.1 

1.1 

1.1 

ns 

Ffgurm M2 

thotd 

T„t0LE 

1.1 

1.1 

1.1 

ns 

Ffgurm M2 

WH) 

Pulse Width LE 

Z1 

2.1 

2.1 

ne 

Ffgurm M2 

*TIH 

tTH. 

TransttonTlme 

20% to 80%, 80% to 20% 

Q* 

1.6 

0.6 

1.8 

0.6 

1.6 

ns 

Ffgurm M2 



IDT61S8SA/LA 

CMOS STATIC RAM 16K (4K X 4-BiT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (CONTINUED) (Vcc - 5.0V± 10%, All Temperature Ranges) 



Parameter 

6168SA35 

6168 LA 35 

616BSA45® 

6168LA4S® 

6168SA55® 

6168LA55® 

6168SA70® 

8168LA70® 

Unit 

Min. 

Max 

Min. Max 

Min. 

Max. 

Min. 

Max 

Write Cycle 

twc 

Write Cycle Time 

30 

— 

40 

— 

50 


60 

— 


tew 

Chip Select to End-of-Wrle 

30 

— 

40 

— 

50 

— 

60 

— 

■a 

tAW 

Address Vald to End-of-Write 

30 

— 

40 

— 

50 

— 

60 


ns 

tAS 

Address Set-up Time 

0 

— 

0 

— 

0 

— 

0 

— 


tWP 

Write Pulse Width 

30 

— 

40 

— 

50 

— 

60 

— 

ns 

tWR 

Write Recovery Time 

0 

— 

0 

— 

0 

— 

mm 

— 

ns 

tow 

Data Valid to End-af-Write 

15 

— 

20 

— 

20 

— 

25 

— 

ns 

tDH 

Data Hold Time 

0 

— 

3 

— 

3 

*— 

3 

— 


tWHZ® 

Write Enable to Output in High-Z 

— 

13 

— 

20 

— 

25 

— 

30 

ns 

tcw (3) 

Output Active from End-of-Write 

0 

— 

0 

— 

0 

— 

0 

— 

El 


NOTES: 3090 ty is 

1. 0° to +70°C temperature range only. 

2. -55 °C to +125°C temperature range only. Also avaiabte 85ns and 100ns devices. 

3. This parameter b guaranteed wth the AC Load (Figure 2) by device characterization, but» not production tasted. 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) 0,2 ’ 5) 
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IDT6168SA/LA 

CMOS STATIC RAM 18K (4K X 4-61T) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 2 (C5 CONTROLLED TIMING) 0,4 5) 



NOTES: 

1. w£of must be HIGH during all address tansidons. _ 

2. A writs occurs during the overlap of a LOW CS and a LOW WE 

3. Is measured from the darter of Sor WE going HIGH loth® end of the write cycle. 

4. Duriwthis period, the I/O pins are in the output state and input signals stolid noc be appied. 

5. If the CS LOW transition occurs simultaneously with or after the WE LOW transition, the outputs remain in the high impedance state. 

6. Transition » measured ±200mV from steady state. 


ORDERING INFORMATION 


IDT 6168 XX XXX XX 


X 


Device 

Type 



Blank 

B 


P 

D 

L 

SO 

E 


15 

20 

25 

35 

45 

55 

70 

85 

100 


SA 

LA 


Commercial (0°C to +70°C) 

Military (-55°C to+125°C) 

Compliant to MIL-STD-883, Class B 

300mil Plastic DIP (P20-1) 

300mil Ceramic DIP (D20-1) 

Leadless Chip Carrier (L20-1) 

300mil Small Outine 1C. Gull Wing (S020-2) 
300mii CERPACK (E20-1) 


Miliary Only 
Military Only 
NBIkary Only 
Mlkary Only 
Military Only 


y Speed In nanoseconds 


Standard Power 
Low Power 

30Mdrw11 


5J 


8 



IDT6168SA/LA 

CMOS STATIC RAM 16K (4K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc - 5.0V ± 10%, All Temperature Ranges) 


Symbol 

Parameter 

6168SA15 

6168SA20/2S 

6168LA20/25 

Unit 

Min. Max 

Min. Max. 

Read Cycle 

IRC 

Read Cycle Time 

15 

— 

20/25 

— 

ns 

tAA 

Address Access Time 

— 

15 

— 

20/25 

ns 

tACS 

Chip Select Access Time 

— 

15 

— 

20/25 

ns 

tCLZ^ 

Chip Select to Output in Low-Z 

3 

— 

5 

— 

ns 

tCH2< a 

Chip Deselect to Output In High-Z 

■ 

8 

— 

10 

ns 

tOH 

Output Hold from Address Change 

MM 

— 

3 

— 

ns 

tPU^ 

Chip Select to Power-Up Time 

0 

— 

0 

— 

ns 

tPD a) 

Chip Deselect to Power-Down Time 

— 

15 

— 

20/25 

ns 


3090 dwIZ 


AC ELECTRICAL CHARACTERISTICS (CONTINUED) (Vcc - 5.0V± 10%, All Temperature Ranges) 


Symbol 

Parameter 

6168SA35 

6168LA35 

6168SA45™ 

6168LA45ft 

61 GSSASSrO 
6168LAS5« 

616eSA70O> 

616SLA70TO 

Unit 

Min. Max 

Min. Max. 

Min. 

Max. 

Min. Max. 

Read Cycle 

tRC 

Read Cycle Time 

35 

— 

45 

— 

55 

— 

70 

— 

ns 

tAA 

Address Access Time 

— 

35 

— 

45 

— 

55 

— 

70 

ns 

tACS 

Chip Select Access Time 

— 

35 

— 

45 

— 

55 

— 

70 

ns 

tCLZ< 2) 

Chip Select to Output in Low-Z 

5 

— 

5 

— 

5 

— 

5 

— 

ns 

tCHZ® 

Chip Deselect to Output In High-Z 

— 

15 

— 

25 

— 

25 

— 

30 

ns 

tOH 

Output Hold from Address Change 

3 

— 

3 

— 

3 

— 

3 

— 

ns 

tPU (2) 

Chip Select to Power-Up Time 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

tro (2 > 

Chip Deselect to Power-Down Time 

— 

35 

— 

40 

— 

50 

— 

60 

ns 


NOTES: 3090W13 

1. -S5“C to »125°C twnp«ratur» range only. Abo available 05ns and 100ns davfeM. 

2. This parameter is guaraiteed with AC Test load (Figure 2) by device characterization, but is not production tested. 


TIMING WAVEFORM OF READ CYCLE NO. 1 (1 ' 2) 




5_2 


5 





























































































IDT6168SA/LA 

CMOS STATIC RAM 16K (4K X 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 2 <1,3) 

U---- IRC 


DATAout 



Vcc SUPPLY 
CURRENT 


lee 


ISB 


1 — tPU-- 

— tPD — ► 

7 

l > 


3090 drwOS 


NOTES: 

1. fiE is HIGH for Read cycle. 

2. CS Is LOW for Read cycle. 

3. Device Is continuously selected, C5 is LOW. 

3. Address vald prior to or coincident wrfth CSransidon LOW. 

4. Transition Is measured ±200mV from steady state. 


AC ELECTRICAL CHARACTERISTICS (Vcc - 5.0V ± 10%. All Temperature Ranges) 




6168SA15 

6168SA20/25 

6168LA20/25 


Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Unit 

Write C 

vcie 




twc 

Write Cycle Time 

15 

— 

20 

— 

ns 

tew 

Chip Select to End-of-Wrte 

15 

— 

20 

— 

ns 

tAW 

Address Vald to End-of-Write 

15 

— 

20 

— 

ns 

tAS 

Address Set-up Time 

0 

— 

0 

— 

ns 

tWP 

Write Pulse Width 

15 

— 

20 

— 


tWR 

Write Recovery Time 

0 

— 

0 

— 

1 

tow 

Data Vald to End-of-Wrlte 

9 

— 

10 

— 

ns 

tDH 

Data Hold Time 

0 

— ! 

0 

— 

ns 

tWH2^ 

Write Enable to Output In Hk^i-Z 

— 

6 

— 

7 

ns 

tow® 

Output Active from End-oT-Write 

0 

— 

0 

— 

ns 

3090 tU 14 


S 2 


8 



















IDT61685A/LA 

CMOS STATIC RAM 16K (4K X 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS (LA Version Only) 
VLC - 0.2V, VHC - Vcc - 0.2V 


Symbol 

Parameter 

Vdr 

VCC for Data Retention 

ICCOR 

Data Retention Current 

tCOR< s) 

Chip Deselect to Data 
Retention Time 

tR»> 

Operation Recovery Time 


Test Condition 


CS£ Vhc 
Vin 2 Vhc 
or<: Vlc 


NOTES: 

1. Ta« +25°C. 

2. at Vcc • 2V 

3. at Vcc = 3V 

4. tpc ■ Read Cycle Time, 

5. This parameter is guaranteed by device characterization, but is not production tested. 


IDT 6168 LA 



ns 


30BOtU 10 


LOW Vcc DATA RETENTION WAVEFORM 

DATA 



AC TEST CONDITIONS 



Figure 1. AC Tost Load Figure 2. AC Tast Load 

(fortcuz, tcu, tww and tow) 

‘Includaa scope and jg capacitances 


























IDT6168SA/LA 

CMOS STATIC RAM 16K (4K X 4-BIT) 


MILITARY AMO COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS™ 

(Vcc - 5.0V ± 10%, VLC - 0.2V, VHC - VCC - 0.2V) 


■ 

Parameter 

Power 


6168SA20 
6168 LA20 

Unit 

Com'l. 

Pi 

Com'l. 

Mil. 

kxi 

derating Power Supply Current 

CSS Vil Outputs Open, 

Vcc - Max., f - 0® 

SA 

110 



100 

mA 

LA 

— 

— 

wa 

80 

kX2 

Dynamic Operating Current 

CS £ Viu Outputs Open, 

Vcc * Max., f ■ ffciiAX^ 

SA 

145 

165 

120 

120 

mA 

LA 

— 

— 


110 

iSB 

Standby Power Supply Current 
(TTL LeveQ 

CS^Vih, Vcc-Max., 

Outputs Open, f ■ fMAX^ 

SA 

55 

60 

B 

45 

mA 

LA 

H 

B 

30 

35 

ISB1 

Full Standby Power Supply Current 
(CMOS Level) 

£5 i Vhc, Vcc ■ Max., 

Vin a Vhc or Vin s Vlc, f ■ 0® 

SA 

20 

20 


20 

mA 

LA 

— 

B 


B 


3090tbt07 


DC ELECTRICAL CHARACTERISTICS (CONTINUED)™ 

(Vcc - 5.0V ± 10%, Vlc - 0.2V, VHC - VCC - 0.2V) 


Symbol 

Parameter 

Power 

6168SA25 

8168LA25 

6168SA35 

6168LA3S 

6168SA45/55 
6168 LA 45/55 

6168SA70® 

6168LA70® 

Unit 

Com'l. 

Mil. 

Corn! 

Mil. 

Coml. 

Mil. 

Com'l. 

Bid 

icci 

Operating Power Supply Current 

CS £ Vil, Outputs Open, 

Vcc - Max., f ■ 0< 3 » 

SA 

90 

100 

90 

100 

— 

100 

— 


mA 

LA 

70 

80 

70 

80 

— 

El 

— 

■s 

ICC2 

Dynamic Operating Current 

CS £ Vil, Outputs Open, 

Vcc - Max., f »fMAX^ 

SA 

110 

120 


110 

— 


— 

u u 

mA 

LA 

90 

100 

■ 

90 

— 

80 

— 

80 

ISB 

Standby Power Supply Current 
(TTL Level) 

€5 * Vih, Vcc ■ Max., 

Outputs Open, f «fuAX* 3 * 

SA 

35 

45 

30 

35 

— 

35 

— 

35 

mA 

LA 

25 

30 

20 

25 

— 

25/20 

B 

20 

Issi 

Full Standby Power Supply Current 
(CMOS Level) 

CS 2 Vhc, Vcc = Max., 

Vin £ Vhc or Vin s Vlc, f - O0> 

SA 

3 

10 

3 

10 

— 

10 

B 

10 

mA 

LA 



mu 


— 

m 




NOTES: 3Motaoa 

1. Al values are maximum guaranteed values. 

2. Also avaiabte 85 and lOOrwmiitary device*. 

3. fuAX a only address inputs are cydng at fcux. f = 0 means no address inputs are changing. 


DC ELECTRICAL CHARACTERISTICS Vcc - 5.0V ± 10% 


Symbol 

Parameter 

Test Condition 

IDT6168SA 

IDT6168LA 

Unit 

Min. 

Max. 

Mia 

Max. 

IM 

Input Leakage Current 

Vcc - Max., 

Vin - GNDto Vcc 

MIL 

COM'L 

— 

— 

— 

5 

2 

\iA 

IM 

Output Leakage Current 

Vcc - Max.. CS - Vih, 

Vout ■ GNDto Vcc 

MIL 

COM'L 

— 

10 

2 

— 

5 

2 

\iA 

VOL 

Output LOW Voltage 

Iol ■ 10mA, Vcc ■ Min. 

— 

0.5 

— 

0.5 

B 

loL = 8mA, Vcc = Min. 

— 

0.4 

— 

0.4 

VOH 

Output HIGH Voltage 

Ioh - -4mA, Vcc - Min. 

2.4 

— 

2.4 

— 

V 


3090113109 


















































































































































CMOS STATIC RAM 

IDT6168SA 

f;L) 

16K (4K x 4-BID 

IDT6168LA 

Integrated Device Technology, he. 




FEATURES: 

• High-speed (equal access and cycle time) 

— Military: 15/20/25/35/45/55/70/85/100ns (max.) 

— Commercial: 15/20/25/35n$ (max.) 

• Low power consumption 

• Battery backup operation—2V data retention voltage 
(IDT6168LA only) 

• Available in high-density 20-pin ceramic or plastic DIP. 20- 
pin SOIC, 20-pinCERPACKand 20-pin leadless chip carrier 

• Produced with advanced CMOS high-performance 
technology 

• CMOS process virtually eliminates alpha particle soft-error 
rates 

• Bidirectional data input and output 

• Military product compliant to MIL-STD-883, Class B 

DESCRIPTION: 

The IDT6168 Is a 16,384-bit high-speed static RAM orga¬ 
nized as 4K x 4. It Is fabricated using lOTs high-performance, 
high-reliability CMOS technology. This state-of-the-art tech¬ 
nology, combined with innovative circuit design techniques. 


provides a cost-effective approach for high-speed memory 
applications. 

Access times as fast 15rts are available. The circuit also 
offers a reduced power standby mode. When C3 goes HIGH, 
the circuit will automatically go to, and remain in, a standby 
mode as long as CS remains HIGH. This capability provides 
significant system-level power and cooling savings. The low- 
power (LA) version also offers a battery backup data retention 
capability where the circuit typically consumes only IpW 
operating off a 2V battery. All inputs and outputs of the 
IDT6168 are TTL-compatible and operate from a single 5V 
supply. 

The IDT6168 Is packaged in either a space saving 20-pin, 
300-mil ceramic or plastic DIP, 20-pin CERPACK, 20-pin 
SOIC, or 20-pin leadless chip carrier, providing high board- 
level packing densities. 

Military grade product is manufactured in compliance with 
the latest revision of MIL-STD-883, Class B, making it ideally 
suited to military temperature applications demanding the 
highest level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



MILITARY AND COMMERCIAL TEMPERATURE RANGE _MAY 1994 


•1994 Integrated Dsmm Technology, Inc. 


5.2 


DSC-112in 

1 












IDT6168SA/LA 

CMOS STATIC RAM 16K (4K X 4-BIT) 


MILITARY ANO COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 



DIP/SOIC/SOJ/CERPACK 
TOP VIEW 



LCC 

TOP VIEW 


PIN DESCRIPTIONS 


Name 

Description 

AO-All 

Address inputs 

ss 

Chip Select 

WE 

Write Enable 

I/00-3 

Data Input/Output 

Vcc 

Power 

GND 

Ground 


3000 tbi 01 


TRUTH TABLE™ 


Mode 


w 

Output 

Power 

Standby 

H 

X 

High-Z 

Standby 

Read 

L 

H 

Dout 

Active 

Write 

L 

L 

Din 

Active 


NOTE: 3osoiuo3 

1. H = Vn, L = VI, X = Don't Can 


ABSOLUTE MAXIMUM RATINGS™ 


Symbol 

Rating 

Com). 

MR. 

Unit 

VTERM 

Terminal Voltage 
with Respect 
to GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to+125 

°C 

Tbias 

Temperature 
Under Bias 

-55 to +125 

-65 to+135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

OC 

PT 

Power Dissipation 

1.0 

1.0 

w 

lOUT 

DC Output 
Current 

50 

50 

mA 


NOTE: 3000 tu 04 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This Isa stress 
rating orty and functional operation of the device at these or any other 
conditions above those Indicated in the operational sections of this 
specification is not impled. Exposure to absolute maximum rating 
conditions for extended periods may affect relab Sty. 


RECOMMENDED DC OPERATING 
CONDITIONS 


ET32B 

Parameter 

Mia 

cn 

Max 


Vcc 

Supply Voltage 




D 

GND 

Supply Vofcage 

0 

MM 

Kfli 

n 

VlH 

Input High Voltage 

2.2 

— 

1KB 

n 

VlL 

Input Low Voltage 

-0.5 (1) 

— 

0.8 

v 


NOTE: 3o» iu 06 

1. Vil (min.) •-3.0V for pulse width less than 20ns, once per cycle. 


CAPACITANCE (Ta = +25°c, F = i.omhz) 


Symbol 

Parameter* 1 * 

Conditions 

Max. 

Unit 

ClN 

Input Capacitance 

Vin - OV 

7 

pF 

Ci/o 

I/O Capacitance 

Vout - OV 

7 

PF 


NOTE* ttutbioz 

1. This parameter is determined by device characterization, but Is ncc 
production tested. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


Grade 


GND 

VCC 

Military 

-55°C to +125°C 

OV 

5V± 10% 

Commercial 

(ycto +1CPC 

OV 

5V ± 10% 


xwotbioe 




2 






















Fig. 4 Write Mode Timing 
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FI0422 


DC Characteristics: Vee = -5.2 V, Vcc = Vcca = GND, Ta = 0°C to +75°C unless otherwise specified 1 


Symbol 

Characteristic 

Min 



Unit 

Condition 

IlH 

Input HIGH Current 




pA 

ViN = ViH(max) 

IlL 

Input LOW Current, BS 0 -BS 3 
WE, Ao- A 7 , Do- D 3 

0.5 

-50 



mA 

VlN = ViL(mm) 

lEE 

Power Supply Current 

BHi 

-180 


mA 

All Inputs and Outputs Open 


AC Characteristics: Vee = -5.2 V ±5%, Vcc =Vcca = GND, Output Load = 50 Cl and 30 pF to -2.0 V, 
Ta = 0°C to +75°C 


Symbol 

Characteristic 

Min 



Unit 

Condition 


Read Timing 




■■ 



tABS 

Bit Select Access Time 


3.0 

5.0 




tRBS 

Bit Select Recovery Time 


3.0 

5.0 

mm 

Figures 3a, 3b 


t AA 

Address Access Time 2 


7.0 

10 

ns 




Write Timing 







tw 

Write Pulse Width 

7,0 

5.0 


ns 




to Guarantee Writing 





twSA = 1 ns 

Measured at 

t WSD 

Data Setup Time 

1,0 

0 


ns 

Figure 4 

50% of Input to 


prior to Write 






Valid Output 

t WHO 

Data Hold Time after Write 

2.0 

0 


ns 


(ViL(max) for 

tWSA 

Address Setup Time 

1.0 

0 


ns 


VOL Or ViH(mm) 


prior to Write 






for Voh ) 

t WHA 

Address Hold Time after Write 

2.0* 

0 


ns 



twSBS 

Bit Select Setup Time 

1.0 

0 


ns 




prior to Write 





tw = 7 ns 


tWHBS 

Bit Select Hold Time 

2.0 

0 


ns 

Figure 4 



after Write 







tws 

Write Disable Time 


3.0 

5.0 

ns 



tWR 

Write Recovery Time 


6.0 

12 

ns 



tr 

Output Rise Time 


3.0 



! Measured between 20% and 

tf 

Output Fall Time 


3.0 


IS 

80% or 80% and 20%, Figure 2 

ClN 

Input Pin Capacitance 


4.0 

5.0 

pF 

Measured with a Pulse 

COUT 

Output Pin Capacitance 


7.0 

8.0 

pF 

Technique 



1 See Family Characteristics for other dc specifications 

2 The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern 





























FI 0422 



Functional Description 

The F10422 is a fully decoded 1024-bit read/write 
random access memory, organized 256 words by four 
bits. Word selection is achieved by means of an 8-bit 
address, Ao through A 7 . 

Four Bit Select inputs are provided for logic flexibility. 

For larger memories, the fast bit select access time 
permits the decoding of individual bit selects from the 
address without increasing address access time. 

The read and write operations are controlled by t he s tate 
of the active-LOW Write Enable (WE) input. With WE 
held LOW and the bit selected, the data at Do- D 3 is written 
into the addressed location. Since the write function is 

level triggered, data must be held stable for at least_ 

twSD(min) plus tw(min) to insure a valid write. To read, WE 
is held HIGH and the bit selected. Non-inverted data is 
then presented at the output (O). 


The outputs of the FI0422 are unterminated emitt 
followers, which allow maximum flexibility in choc 
output connection configurations. In many applic; 
it is desirable to tie the outputs of several F10422 
devices together to allow easy expansion. In other 
applications the wired-OR need not be used. In er 
case an external 50 0 pull-down resistor to -2 V o 
equivalent network must be used to provide a LO\ 
the output. 


Truth Table 


Inputs 

Outputs 

Mn 

■§§; 

wr 

Dn 

On 


H 

X 

X 

L 

Not Sc 

L 

L 

L 

L 

Write ‘ 

L 

L 

H 

L 

Write ' 

L 

H 

X 

Data 

Read 


Each bit has independent BS D, and 0. but all have common WE 


L = LOW Voltage Levels = -1.7 V (Nominal) 
H - HIGH Voltage Levels = -0.9 V (Nominal) 
X * Don't Care 
Data = Previously stored data 
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FI0422 

256 x 4-Bit Static 
Random Access Memory 

F10K ECL Product 


Description 

The F10422 is a 1024-bit read/write Random Access 
Memory (RAM), organized 256 words by four bits per 
word. It is designed for high-speed scratchpad, control 
and buffer storage applications. The device includes full 
on-chip address decoding, separate Data input and 
non-inverting Data output lines, as well as four" 
active-LOW Bit Select lines. 




Address Access Time-10 ns Max 

Bit Select Access Time-5.0 ns Max 

Four Bits Can be Independently Selected 

Open-emitter Outputs for Easy Memory Expansion 

Power Dissipation-0.92 mW/Bit Typ 

Power Dissipation Decreases with Increasing 

Temperature 


Pin Names 

WE~ _ 
BSo-BS3 
Ao- A7 
Do- D3 
Oo- O3 


Write Enable Input (Active LOW' 
Bit Select Inputs i Active LOW^ 
Address Inputs 
Data Inputs 
Data Outputs 


Logic Symbol 

3 5 20 22 8 6 7 18 19 



r i_Uli 


BS 0 BS, BS 2 BS 3 WE Do Di 0 2 0 3 

13 - 

A 0 

14 - 

A, 

15 - 

a 2 

16 - 

a 3 ' 

17- 

F10422 

A 4 

9 - 

As 

10 - 

a 6 

11 - 

A 7 


o 0 o 2 o 3 




2 4 21 23 


VCC = Pm 24 
VCCA = Pm 1 

V E e = Pm 12 


Connection Diagrams 
24-Pin DIP (Top View) 




The 24-pm flatpak version has the same pinout connections as the 
Dual In-Line package 


Ordering Information (See Section Si 


Package 

Outline 

Order Code 

Ceramic DIP 

6Y 

DC 

Flatpak 

4V 

FC 
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VS12G422T 


Connection Diagram (22-pin dip - Top View) 


a 3 3 

"j ^ 22 

a 2 3 

2 21 

A , C 

3 20 


4 q 19 


5 § 18 

4.C 

6 § 17 


7 ^ 16 

GND C 

8 15 

D 0 (3 

9 14 

o 0 3 

10 13 

D,c 

11 12 


3 V c c 

□ WE 

3csi 

Doe 

□ CS 2 

303 

3d 3 
3o 2 
3d 2 
30 1 


Pin Description 


Pin # 

Name 

I/O 

Description 

1 - 7 , 21 

A0 ' *7 

1 

Address inputs 

9, 11. 13, 15 

°o-°> 

1 

Data Inputs 

19 


i 

Chip select input (Active LOW) 

10, 12, 14, 16 

O 

O 

0 

Data outputs 

17 

cs. 

1 

Chip select input (Active HIGH), 

20 

WE 

1 

Write enable input (Active LOW) 

18 

OE 

1 

Output enable input (Active LOW) 

22 

V cc 


5.0 V supply connection 

8 

GND 

z 

Ground connection (0 V) 


VITESSE 
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AC Test Loading Condition (Figure i) 

The lollowing conditions apply to the AC e ormanc 

indicated on pages 4-3 and 4-4. 


Characteristics" 


fl, - 470 n 



Equivalent to: 


Output O 


-vw—° 

Rthev * 1 52 n 




Test Input Levels (Figure 2) 

Thf following conditions apply to the "AC Perlormance 
and 4-4. 


Characteristics" indicated on pages 4-3 


GND 



. (Not* 2: AC Perform«nc*- 

Char«ct*r»tic») 





Address Designators 


Address 

Name 

Address 

Function 

Pin Ni 

22-pin DIP 

imber 

28-pin LCC 

A 

AX 0 

4 

21 

A, 

AX, 

3 

20 

i 

A 

ax 2 

2 

19 

2 

A„ 

AX- 

1 

17 

3 

A, 

AX, 

21 

16 

4 

A S 

A„ 

ay 5 

AY 6 

5 

6 

22 

23 

6 

*7 

AY 7 

J - *- 

7 

24 
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VS12G422T 


AC Performance Characteristics - continued (1> 

(Over guaranteed operating conditions, GND * 0 V) 

2 . Write Mode: 


Address 

A> - a 7 


CS | • OS 2 
Chip Select 


Dq • D 3 
Data In 


WE 


Data 

Outputs 

O Q - O 3 



Paramters 

Description 

6 ns 

5 ns 

4ns 


Min 

Max 

Min 

Max 

Min 

Max 

Units 

*wc 

Writ© cycle time 

6 

— 

5 

— 

4 

~ 

ns 

t <*> 

*zws 

Write disable to HIGH 2 

— 

5 

— 

4 

— 

3.5 

ns 


Write recovery time 

— 

EM 

— 

KB 

— 

3 

ns 

t P) 

'w 

Write pulse width 

4 

— 



m 

— 

ns 

*w$o 

Data setup time prior to write 

0 

— 

0 

— 

a 

— 

' ns 

L 

*WHD 

Data hold time after write 

2 

— 

2 


m 

— 

ns 

t (3) 

WS4 

Address setup time 

0 

— 

D 

— 

D 

— 

ns 

UA 

Address hold time 

2 

— 

2 

j 


— 

ns 

*wscs 

Chip select setup time 

0 

— 

0 

— 

0 

— 

ns 

*WHCS 

Chip select hold time 

2 

— 

2 

— 

1.5 

— 

ns 


Notes: 1) Test conditions assume signal transition times of 3 ns or less. Timing reference levels of 1.5 V and output loading 
of the specified /^/t^ and 30 pF load capacitance as in figure 1 on page 4-5 

2) Transition is measured at steady state HIGH level -250 mV or steady state LOW level +250 mV on the output 
from 1.5 V level on the input with load shown in figure 1 on page 4-5 

3) t w measured at f - min; f measured at t w = min 


VITESSE 
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B 


AC Performance Characteristics (1) 

(Over guaranteed operating conditions, GND = 0 V) 

1. Read Mode: 




Parameters 

Description 

6 ns 

5 ns 

4 ns 

Units 

Min 

Max 

Min 

Max 

Min 

Max 


Read cycle time 

6 

— | 

5 


4 


ns 


Chip select time 

— 

KB 

— 

3.5 


2.5 

ns 

w* 

Chip select to HIGH 2 

— 

KB 

— 

4 


3.5 

ns 

'*os 

Output enable time 

— 

KB 

— 

3.5 


2.5 

ns 

t < 2 > 

l ZROS 

Output enable to HIGH Z 

— 

5 

— 

4 


3.5 

ns 


Address access time 

— 

6 

— 

5 


4 

ns 


Notes: 1) Test conditions assume signal transition times of 3 ns or less. Timing reference levels of 1.5 V and output loading 
of the specified and 30 pF load capacitance as in figure 1 on page 4-5 

2) Transition is measured at steady state HH3H level -250 mV or steady state LOW level +250 mV on the output 
from 1.5 V level on the input with load shown in figure 1 on page 4-5 
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Truth Table 



H - HIGH Voltage Level (2.4 V) X = Don't Care (HIGH or LOW) 

L = LOW Voltage Level (0.4 V) HIGH Z = Hlgh-lmpedence 


Absolute Maximum Ratings ( ’> 

Power Supply Voltage (V cc ) . 

Input Voltage Applied, (V IN ) . 

Input Current, (7J. (DC, output LOW). 

Output Current, (1^). (DC, output LOW). 

Maximum Junction Temperature, (Tj) . 

Case Temperature Under Bias, (T c ) . 

Storage Temperature^, (T stg ) . 


-0.5 V to +6.0 V 
.-1.0 V to +7.0 V 
... -30 to +30 mA 

.20 mA 

.150°C 

..-55° to +125°C 
..-65° to +150°C 


Recommended Operating Conditions 

Power Supply Voltage, ( V cc ) . 

Operating Temperature Range (2> . 


.4.75 to 5.25 V 
.0° to +70°C 


extended periods may atlect device^ reliability. 

12) Both lower and upper limits ol specification are case temperatures. 
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VS12G422T 

256 x 4 Static RAM 


Features 

• 256 words by 4-bit static RAM for cache and 
control store applications 

• Very fast: Choice of 4, 5, and 6 ns maximum 
address access times 

• TTL compatible inputs and outputs 

• Single +5.0 Volt power supply 


• Very low sensitivity to radiation 

• Standard 22-pin DIP 

• Fully static operation - equal access and 
cycle times 

• Pin compatible with standard silicon -422 
and -122 products 


Functional Description 

The Vitesse VS12G422T is a very high 
speed, fully decoded 1024-bit read write static 
random access memory organized as 256 
words by 4 bits. All inputs and outputs of this 
RAM is TTL compatible and operation is from a 
standard +5.0 Volt power supply. 

Fully static asynchronous internal circuits 
are used, which require no clocks or refreshing 
for operation. Memory expansion is provided 
by an active LOW chip select input (S3 ( ), an 
active HIGH chip select input (CS,) and three- 
state outputs. Due to its static operation, the 
VS12G422T offers equal read and write cycle 
times, which further simplifies system design. 


This RAM is packaged in a standard 22-pin 
DIP. Refer to Section 6, "Packaging" for a 
complete description of this package. 

The high speed and standard pinout of the 
VS12G422Tmakes it ideal for both existing and 
new designs in cache memory, signal proces¬ 
sing, and video applications where access time 
is the critical parameter. The low sensitvity to 
radiation of this product makes it highly suitable 
for aerospace applications where high radiation 
tolerance is necessary. The VS12G422T is 
fabricated in gallium arsenide using the Vitesse 
H-GaAs™ E/DMESFET process which 
achieves high speed and low power dissipation. 



Block Diagram 



A 5 Ag A 7 
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Packaging 



K36.A 

U LEAD CERAMIC METAL SEAL FLATPACK PACKAGE 



INCHES 

MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

* 

0.138 

■ 

3.51 

* 

b 

0.006 

0.013 

0.15 

0.33 

- 

bl 

0.006 

0.010 

0.15 

0.25 

* 

c 

0.004 

0.011 

0.10 

0.28 

- 

cl 

0.004 

0.008 

0.10 

0.20 

| 

Mg 

0.620 

0.640 

15.75 

16.26 


E 

0.620 

0.640 

15.75 

8.64 

- 

El 

- 

0.660 

- 

16.76 

3 

E2 

0.470 

0.490 

11.94 

12.4S 

- 

E3 

0.030 

- 

0.76 

• 

7 

e 

0.02S BSC 

0.64 BSC 

- 

k 

- 

- 

- 

- 

• 

L 

0.240 

0.280 

6.10 

7.11 

■ 

Q 

0.026 

0.045 

0.66 

1.14 

a 

SI 

- 

- 

- 

- 

- 

M 

- 

0.0015 

- 

0.04 

- 

N 

36 

36 

* 


Rev. 0 5/18/94 



NOTES: 

1. Index area: A notch or a pin one Identification mark shal be locat¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's Identification shall not be used 
as a pin one identification mart. Alternately, a tab (dimension k) 
may be used to identify pin one. 

2. If a pin one identification mark is used in addWon 10 a tab, the iro¬ 
ns of dimension X do not apply. 

3. This dimension allows far off-center Id, meniscus, and glass 
overrun. 

4. Dimensions bl and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. The maximum Im- 
its of lead dimensions b and c or M shall be measured at the cen¬ 
troid of the finished lead surfaces, when solder dip or tin place 
lead finish Is applied. 

5. N Is the maximum number of terminal positions. 

6. Measure dimension SI at al four comers. 

7. For bottom-brazed lead packages, no organic or polymeric mace- 
rials shal be molded to the bottom of the package to cover the 
leads. 


8. Dimension Q shal be measured at the point of exit (beyond the 
meniscus) of the lead from the body. Dimension Q minimum 
shal be reduced by 0.0015 inch (0.038mm) maximum when sol* 
dor dip load finish is appied. 

9. Dimensioning and tolerandng per ANSI Y14.5M -1982. 

10. Controllng dimension: INCH. 
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A10 (21) C 































HS-65647RH 


Irradiation Circuit 


HS-65647RH <8K x 8 T30S4 SRAM) 28 LEAD CERAMIC DIP 

VDD 



-Wr- 

-Wr 

-Wv- 

-Wr 

-Wr 

-Wr 

-Wr 

-Wr 

■Wr 

-vw 

-Wr 

-Wr 

-Wr 


NOTES: 

1. VDD-5.5V±0.5V 
R-10kfl±10% 

2. Group E sample size is two dietoafer. 


Test Patterns 

MARCH (1QPATTERN 

After a background of zeros is written, each cell (from begin¬ 
ning to end in sequence) is read, written to a one and 
reread. When the array is ful of ones each cell (from the end 
to the beginning) is read, restored to a zero and reread. 

After this the pattern is repeated but with complemented 
data. 

MASEST PATTERN (Multiple Address Select Pattern) 

A checkerboard pattern is written into the memory. Then the 
first cell is read, then its binaiy address complement is read. 
The second cell is read and then its binaiy address comple¬ 
ment is read. This pattern of incrementing the address and 
then reading its binary address complement is repeated until 
the entire memory is read. 

This is then repeated but using a checkerboard bar pattern. 

GALROW PATTERN (Row Galloping Pattern) 

After a background of zeros is written into the memory a one 
Is written into the first cell. It Is then read atemately with 


each other cell in the row. The test cell is then rewritten back 
to a zero. The test cell is then incremented and the 
sequence is repeated until all cells in the memory have been 
used as a test cell. 

This is pattern then repeated but using complemented data. 

GALCOL PATTERN (Column Galloping Pattern) 

After a background of zeros is written into the memory a one 
is written into the first cell. It is then read alternately with 
each other cell In the column. The test cell Is then rewritten 
back to a zero. The test cel is then Incremented and the 
sequence is repeated until all cells In the memory have been 
used as a test ceil. 

This Is pattern then repeated but using complemented data. 

CHECKERBOARD PATTERN and CHECKERBOARD 
BAR 

A checkerboard is written (101010) into the memory and 
then the pattern is read back. This is then repeated bu using 
complemented data. 
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Bum-In Circuits 

HS45647RH 28 LEAD FLATPACK AND CERAMIC DIP 


NC 

VOO 

All 

A7 

w 

a 

M 

AM 

At 

A* 

A4 

All 

AX 

Q 

A2 

A10 

A1 

El 

AO 

DQ7 

DQO 

oqs 

DQ1 

OQ6 

DQI 

DQ4 

VSS 

DQI 


HS-55647RH 28 LEAD FLATPACK AND CERAMIC DIP 
._. voo 


NC 

VDO 

A12 

w 


E2 

At 

AM 

AS 

AM 

At 

All 

A3 

Q 

A2 

A10 

A1 

El 

AO 

DQ7 

noA 

DQi 

0Q1 

DQS 

DQZ 

DQ4 

VSS 

DQI 


DYNAMIC CONFIGURATION 

NOTES: 

1. VDD- 5.5V Min 

2. R - lOkfl ± 10%, except R2-47kfl± 10% 

3. VIH: VDO ± 0.5V, VIL: 0.4V ± 0.4V 

4. F0 - 100kHz ± 10%, 50% Duty Cyde 

5. F^* F0V2; F2 • FI/2; F3 ■ F2/2;... F14 » FI3/2 

6. F0 » inverted FO 

HS-65647RH 36 LEAD FLATPACK 


STATIC CONFIGURATION 

NOTES: 

1. VDD - S.5V Min 

2. R«10kn±10% 


HS-65647RH 36 LEAD FLATPACK 



VSS 

VSS 

unn 

um 

IflJU 

rUU 

NC 

NC 

Alt 

W 

A7 

E2 

AS 

AS 

AS 

AS 

AA 

All 

A3 

E 

A2 

A10 

A1 

IT 

AO 

DQ7 

DQO 

DQS 

DQI 

OQS 

DQI 

DQ4 

NC 

DQI 

VOO 

VDO 

VSS 

VSS 



‘-i- 

4^ 

DYNAMIC CONFIGURATION 

STATIC CONFIGURATION 

NOTES: 

NOTES: 

1. VDD-5.5VMn 

1. VDD-5.5V Min 

2. R - lOkO 1 10%, except R2 - 4.7kQ 110% 

2. R « 10k£3 ± 10% 

3. VIH: VDD ± 0.5V, VIL 0.4V ± 0.4V 

4. F0-100kHz ±10%, 50% Duty Cyda 

5. FI - FQ/2; F2 - FI/2; F3 - F2/2;.. . F14 - F13/2 

6. FO-Inverted FO 
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HS-65647RH 


Timing Waveforms (Continued) 



FIGURE 4. WRITE CYCLE II: EARLY WRITE - CONTROLLED BY El 



FIGURE 5. WRITE CYCLE III: EARLY WRITE - CONTROLLED BY E2 













HS-65647RH 


Timing Waveforms 



FIGURE 1. READ CYCLE I: W, E2 HIGH; G, El LOW 




FIGURE 3. WRITE CYCLE I: LATE WRITE 















HS-65647RH 


Harris Space Level Product Flow -8 

GAMMA Radiation Verification (Each Wafer) Method 1019. 100% Dynamic Bum-In, Condition D. 160 Hours, +12S°C or 

2 Samples/Wafer, 0 Rejects Equivalent, Method 1015 

Periodic- Wire Bond Pull Monitor, Method 2011 100% Interim Electrical Test 

Periodic- Die Shear Monitor, Method 2019 or 2027 100% PDA, Method 5004 (Note 1) 

100% Internal Visual Inspection, Method 2010, Condition B 100% Final Electrical Test 
100% Temperature Cycle, Method 1010, Condition C, 100% Fine/Gross Leak, Method 1014 

10 Cycles *100% External Visual, Method 2009 

100% Constant Acceleration, Method 2001, Condition per Sarrple • Group A, Method 5005 (Note 2) 

Method 5004 e 0 ^ ' ' 

„ , lf> , Sample ■ Group B, Method 5005 (Note 3) 

100% External Visual - . ^ ^ ^ 

Sample - Group C, Method 5005 (Notes 3 and 4) 

100% Initial Electrical Test _ , ^ ^ 

Sample - Group D, Method 5005 (Notes 3 and 4) 

100% Data Package Generation (Note 5) 

NOTES: 

1. Failures from subgroup 1, 7 are used for calculating PDA The maximum alowable PDA - 5%. 

2. Alternate Group A testing may be performed as slowed by MIL-STD-883, Method 5005. 

3. Group B, C and D Inspections are optional and wll not be performed unless required by the P.O. When required, the P.O. should include 
separate Ine kerns for Group B Test Group C Test Group C Samples, Group D Test and Group D Samples. 

4. Group C and/or Group D Generic Data, as defined by MIL-l-38535, is optional and wil not be supplied unless required by the P.O. When 
required, the P.O. should include a separate fine item for Group C Generic Data and/or Group D Generic Data. Generic data is not guar¬ 
anteed to be available and is therefore not available in all cases. 

5. Data Package Contents: 

• Cover Sheet (Hands Name and/or Logo, P.O. Number, Customer Part Number, Lot Date Code, Harris Part Number. Lot Number, Quantity). 

• GAMMA Radiation Report. Contains Cover page, disposition. Rad Dose. Lot Number, Test Package used, Specification Numbers, Test 
equipment etc Radiation Read and Record data on fie at Harris. 

- Screening, Electrical, and Group A attributes (Screening attributes begin after package seal). 

• Group B, C and D attributes and/or Generic data Is included when required by the P.O. 

• The Certificate of Conformance b a part of the shipping invoice and b not part of the Data Book. The Certificate of Conformance b signed 
by an authorized Qualty Representative. 






HS-65647RH 


Harris Space Level Product Flow •Q 

Wafer Lot Acceptance (AJI Lots) Method 5007 
(Includes SEM) 

GAMMA Radiation Verification (Each Wafer) Method 1019. 

2 Samples/Wafer, 0 Rejects 
100% Nondestructive Bond Pull, Method 2023 
Sample - Wire Bond Pull Monitor, Method 2011 
Sample - Die Shear Monitor, Method 2019 or 2027 
100% Internal Visual Inspection, Method 2010, Condition A 
100% Temperature Cycle, Method 1010, Condition C, 

10 Cycles 

100% Constant Acceleration, Method 2001, Condition per 
Method 5004 

100% PIND, Method 2020, Condition A 
100% External Visual 
100% Serialization 
100% Initial Electrical Test (TO) 

100% Static Bum-In 1, Condition A or B, 72 Hours Min, 
+125°C Min, Method 1015 

NOTES: 


100% Interim Electrical Test 1 (T1) 

100% Delta Calculation (T0-T1) 

100% PDA 1, Method 5004 (Note 1) 

100% Dynamic Bum-In, Concfition D, 240 Hours, +125°C or 
Equivalent, Method 1015 
100% Interim Electrical Test 2(T2) 

100% Delta Calculation (T0-T2) 

100% PDA 2, Method 5004 (Note 1) 

100% Final Electrical Test 

100% Fine/Gross Leak, Method 1014 

100% Radographic (X-Ray), Method 2012 (Note 2) 

100% External Visual. Method 2009 
Sample - Group A, Method 5005 (Note 3) 

Sample - Group B, Method 5005 (Note 4) 

Sample - Group D, Method 5005 (Notes 4 and 5) 

100% Data Package Generation (Note 6) 


1. Failures from subgroup 1, 7 and deltas are used for calculating PDA. The maximum a lowable PDA - 5% with no more then 3% of the 
fa lures from subgroup 7. 

2. Radiographic (X-Ray) inspection may be performed at any point after serialization as a lowed by Method S004. 


3. Alternate Group A testing may be performed as slowed by MIL-STD-883, Method 5005. 

4. Group B and 0 inspections we optional and wil not be performed unless required by the P.O. When required, the P.O. should fnckide 
separate Ine toms for Group B Test, Group Samples, Group D Test and Group D Samples. 

5. Group D Generic Data, as defined by MIL-I-3853S, Is optional and wil not be supplied unless required by the P.O. When reqdred, the 
P.O. should indude a separate Ine tem for Group D Generic Data. Generic data Is not guaranteed to be available and Is therefore not 
avaiable in all cases. 


6. Data Package Contents: 

• Cover Sheet (Harris Name andkx Logo, P.O. Number, Customer Part Number, Lot Date Code, Harris Part Number, Lot Number, Quantky). 

• Wafer Lot Acceptance Report (Method 5007). Includes reproductions of SEM photos with percent of 3»p coverage. 

• GAMMA Radiation Report. Contains Cover page, disposition. Rad Dose, Lot Number, Test Package used. Specification Kktnbers, Test 
equipment etc. Radiation Read and Record data on lie at Harris. 

• X-Ray report and flm. Indudes penetrometer measurements. 

. screening, Electric^, and Group A attributes (Screening anribrxes begin after package seal). 

• Lot Serial Nunter Sheet (Good units serial number and lot number). 

■ Variables Data (Al Delta operations). Data b identified by serial number. Data header indudes lot number and date of test 

• Group B and 0 aartxxes andfor Generic data is included when required by the P.O. 

• The Certificate of Confomwteeb a part of the shipping invoice and b not part of the Data Book. The Certificate <rf Conformance b signed 
by an authorized Quaity Representative. 
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TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) # GROUP B, SUBGROUP 5 


PARAMETER 

SYMBOL 

DELTA UMITS 

Standby Supply Cument 

IDDSB 

±150pA 

High Impedance Output Leakage Current 

IOZH, IOZL 

± 2jiA 

Input Leakage Current 

IIH, HL 

±150nA 

Low Level Output Voltage 

VOL 

±60mV 

Output high Voltage 

VOH 

± 150mV 


TABLE 6. APPLICABLE SUBGROUPS 



NOTES: 

1. Alternate Group A testing in accordance with M1L-STD-883 method 5005 may be exercised. 

2. Table 5 parameters only 
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Specifications HS-65G47RH 



TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

NOTES 

TEMPERATURE 

UMITS 

UNITS 

Jj 

MAX 

Writs Enabte High to Out¬ 
put ON 

TWHQX 

VDD - 4.5V and 5.5V 

1 

•S5°C £ T A £ ♦125°C 

■ 

■ 

ns 

Chip Enable to Output ON 

TE1LQX 

TE2HQX 

VDD - 4.SV and S.SV 

1 

•55°CST A S+125°C 

■ 

■ 

ns 

Output Enable to Output 

ON 

TGLQX 

VDO-4.SV and 5.5V 

1 

-55°C£T a £+125°C 

■ 


ns 

Chip Enable to Output in 
High 2 

TE1HQZ 

TE2LQ2 

VOD - 4.5V and 5.5V 

1 

-55°C£T a £+125°C 

■ 

15 

ns 

Output Disable to Output in 
High Z 

TGHQZ 

VDD-4.5V and 5.5V 

1 

-5S°C£T a £+125°C 

■ 

15 

ns 

Output Hold from Address 
Change 

TAXQX 

VDD- 4.5V and 5.5V 

1 

-55°C ST A S +125°C 

■ 

■ 

ns 


NOTES: 

1. The parameters isted are control ted via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and tpon design changes which would affect these characteristics. 

2. Apples so DIP device types only. 

3. Apples so Flatpack device types only. 

4. All measurements referenced to device GND. 


TABLE 4. POST 300K RAD DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

CONDITIONS 

TEMPERATURE 

LIMITS 

UNTTS 


MAX 

Standby Supply Cunert 

IDDSB 

VDO - S.SV, 10 - OmA, ET - VDD, 

E2 -OV, VI • VDD or GND 

♦2S°C 

■ 

10 

mA 

Enabled Supply Cunent 

IDDEN 

VDD - 5.5V, K> - OmA. ET - 0.0V, 
E2-VDO, VI-VDD or GND 

+25°C 

■ 

82 

mA 

Operating Supply Current 
(Note 2) 

IDDOP 

VDO - 5.5V, K3 - OmA. f- 2MHz. 

E - OV.VI - VDO or GND 

+25°C 

■ 

100 

mA 

Data Retention Supply Curort 

IDDDR 

VDD - 2.0V, K) - OmA E ■ VDD 

+25°C 

1 

n 

mA 


NOTES 1 

1. DC parameters not Isted in this table are tested at the +25°C pre-irradiation test limits. Al AC parameters are tested at the +25°C pre- 
irradiatton test limits. 

2. Typical IDDOP derating - 3mA/MHz (3mA Increase in IDDOP per 1MHz Increase in address frequency.) 
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Specifications HS-65647RH 


TABLE Z AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMPERATURE 


-SS°C, *25°C, ♦8S°C, »12S°C 


-5S°C, +25°C, +05°C. +125°C 


-SS°C, +25°C, +8S°C, +125°C 


•SS°C, +2S°C, +8S°C, +125°C 


-55°C. +25°C, +85°C. +125°C 35 


-55°C, +25°C. +85°C. +125°C 


-SS°C, ♦25°C, .8S 0 C, f12S°C 25 


-55°C, +25°C, +8S°C, +12S°C 30 


•55°C, +25°C, +85°C, ♦125°C 30 


-55°C, +25°C. +85°C. +12S°C 


-SS°C, +25°C, +85°C, ♦125 Q C 40 


•55°C, +25°C. +85°C, ♦125°C 


NOTES: 

1. AC measurements lasted a worst case VDD. Guaranteed over tii operating range. 

2. AC measurements assume transition time & 5ns: input levels -O.OVto VDD; timing reference levels - 2.0V: oi*p« load -1TTL eqiivalerK 
bad and CL 2 50pF. for CL > 50pF. access times are derated 0.15ns/pF. 

3. For timing waveforms, see Low Voltage Data Retendon and Read/Write Cycles. 




(NOTES 1,2. 3) 

GROUP A 

PARAMETER 

SYMBOL 

CONDITIONS 

SUBGROUPS 

Address Actress Time 

TAVQV 

VDD - 4.5V 

9, 10, 11 

Output Enable Access Time 

TGLQV 

VDD-4.5V 

9,10, 11 

Chip Enable Access Time 

TE1LQV 

TE2HQV 

VDD-4.5V 

9,10, 11 

Write Recovery Time 

TWHAX 

TE1HAX 

TE2LAX 

VDD - 4.5V 

9,10,11 

Chip Enable to End-of-Wrtte 

TE1LE1H 

TE2HE2L 

VDD - 4.5V 

9,10,11 

Address Setup Time 

TAVWL 

TAVE1L 

TAVE2H 

VDD-4.5V 

9,10, 11 

Write Enable Putea Width 

TWLWH 

VDD - 4.5V 

9,10, 11 

Data Setip Time 

TDVWH 

VDD - 4.5V 

9,10, 11 


TDVE1H 

TDVE2L 

VDD-4.5V 

9,10, 11 

Data Hold Time 

TWHDX 

VDD-4.5V 

9,10, 11 

Address Hold Fine 

TAVE1H 

TAVE2L 

VDD - 4.5V 

9,10,11 


TE2LDX 

TE1HDX 

VDD - 4.5V 

9,10,11 



PARAMETER 


Input Capacitance 


I/O Capacitance 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


T a - +25°C 




CONDITIONS 

NOTES 

VDD - Open, f-1MHz 

1.2,4 

VDD- Open f- 1 MHz 

1.2,4 

VDD- Open f-1MHz 

1.2,4 

VDD-Open f-1MHz 

1.2,4 

VDD » 4.5V and 5.5V 

1 


•55°CsT A S+12S°C 


MAX 

UNTTS 

12 

EM 

12 

PF 

12 

n 

12 

KM 

10 

1 ns 






























































































































Specifications HS-65647RH 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+7.0V Thermal Resistance 


Input, Output or I/O Voltage.GND-0.3Vto VDD+0.3V 

Storage Temperature Range.-65°C to +150°C 

Junction Temperature.+175°C 

Load Temperature (Soldering 10s).+300°C 

Typical Derating Factor.3mA/MHz Increase In IDDOP 


28 Lead SBDIP Package. 45°CAV 8.0°C/W 

28/36 Lead Ceramic Flatpack Package.. 53.4°C/W 7.4°C/W 

Maximum Package Power Dissipation at *125°C Ambient 

28 Lead SBDIP Package.1.11W 

28/36 Lead Ceramic Flatpack Package.0.94W 


ESD Classification.Class 1 If device power exceeds package dissipation capab*ty, provide heat 

sinking or derate inearly at the fa lowing rate: 

28 Lead SBDiP Package.22.2mW/C 

28/36 Lead Ceramic Flatpack Package.l8.7mW/C 

CAUTION: Stresses above tftcse tisted in 'Absolute Maximum Ratings* may cause permanent damage to the device This is a stress onfy rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this speofication is not imptied. 


Operating Conditions 

Operating Voltage Range (VDD).+4,5V»+5.5V Input High Voltage (VIH).0.8VDDtoVDD 

Operating TorrpemUjre Range (T*).-SS°C to +125 0 C Data Retortion Supply Voltage.2.0V 

Input Low Voltage (V1L).0Vto+0.2VDD Input Rise and Fall Time.40nsMax. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


High Level Output 
Voltage 


Low Level Output 
Voltage 


High Impedance Output 
Leakage Current 


Input Leakage Current 


Standby Supply Current 


Enable Supply Current 


Operating Supply 
Current (Note 2) 


Data Retendon Supply 
Cunem 


Functional Tests 


Noise Immunity 
Functional Test 



lOZLor 

IOZH 


IDDSB 
(Note 3) 





(NOTE 1) 
CONDITIONS 


VDD-4.5V, 10--5mA 
VI-VDDorGND 


VDD - 4.5V, 10 - 8.0mA 
VI- VDDorGND 


VDD - 5.5V, VO - GND or 
VDD, VI - VDD or GND 
El - VDD, E2-0V 


VDD - 5.5V, VI - VDD or 
GND 


VDD - 5.5V, IO - OmA, 
VU VDD or GND 
El - VDD, E2-0V 


VDD - 5.5V, KD - OmA, 

VU VDDorGND 
El -0.0V, E2-VDD 


VDD - 5.5V, 10 - OmA, 
VI -VDDorGND, 
E2-VDD, El -0V, 
f- 2MHz 


VDD - 2.0V, 10 - OmA, 
VU VDDorGND 
El-VDD, E2-0V 


VDD-4.5V and 5.5V 
VI- VDDorGND, f- 1MHz 


VDD - 4.5, VIL - 0.2 VDD 
VIH-0.8 VDD, f- 1MHz 


GROUP A 
SUBGROUPS 



-55° C, +25°C, 
+8S°C, +125°C 


1. All voltages referenced to device GND. 

2. Typical IDDOP derating - 3mA/MHz (3mA Increase in IDDOP per 1MHz increase In address frequency.) 

3. In order for this device to be in low power standby mode. E2 must be disabled (low). 


3 


Spec Number 518729 

































































































































HS-65647RH 


Pinouts 


HS1-85647RH 28 LEAD CERAMIC DUAL-tN-UNE 
METAL SEAL PACKAGE (SBDIP) 
MIL-STD-183S CD1P2-T28 
TOP VIEW 



HS9-6S647RH 28 LEAD CERAMIC METAL 
SEAL FLATPACK PACKAGE (FLATPACK) 
MIL-STD-1835 CDFP3-F28 
TOP VIEW 




HS9A-85647RH 38 LEAD CERAMIC METAL 
SEAL FLATPACK PACKAGE (FLATPACK) 
HARRIS OUTLINE K3&A 
TOP VIEW 



IQ 

n 

11 

21 

12 

2S 

11 

24 

14 

21 

IS 

22 

14 

21 

V* 

20/ 
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SEMICONDUCTOR 


August 1995 


Features 

• 1.2 Micron Radiation Hardened SOS CMOS 

- Total Dose 3 z 10 s RAD (Si) 

- Transient Upset >1 1 10 11 RAD (Si)/s 

• Single Event Upset < 1 * 10' 12 Errors/Bit-Day 

• Latch-up Free 

• LET Threshold >250 MEWmg/cm2 

• Low Standby Supply Current 10mA (Max) 

• Low Operating Supply Current 100mA (2MHz) 

• Fast Access Time 50ns (Max), 3Sns (typ) 

• High Output Drive Capability 

• Gated Input Buffers (Gated by EZ) 

- Six Transistor Memory Cell 

• Fully Static Design 

• Asynchronous Operation 

• CMOS Inputs 

• 5V Single Power Supply 

• Military Temperature Range -S5°C to +12S°C 

• Industry Standard JEDEC Pi not* 

Description 

The Harris HS-6S647RH is a fully asynchronous 8K x 8 
radiation hardened static RAM. This RAM is fabricated using 
the Harris 1.2 micron silicon-on-sapphire CMOS technology. 
This technology gives exceptional hardness to all types of 
radiation, including neutron fluence, total ionizing dose, high 
intensity Ionizing dose rates, and cosmic rays. 

Low power operation is provided by a fully static design. Low 
standby power can be achieved without pull-up resistors, 
due to the gated input buffer deskyi. 


HS-65647RH 

Radiation Hardened 
8K x 8 SOS CMOS Static RAM 


Functional Diagram 


IoccooerISI memory array 


MPUT 

DATA 

uRcurr 


COLUMN VO 


COLUMN DECODER 



MODE 


Low Power Standby 


Disabled 


Enabled 


Read 


Write 


Ordering information 


PART NUMBER 

TEMPERATURE RANGE 

PACKAGE 

HS1-65647RH-Q 

•55°Cto +125°C 

28 Lead SBDIP 

HS1-65647RH-8 

•55°Cto +12S°C 

28 Lead SBDIP 

HS1-65647RH/Proto 

-S5°CtO +125°C 

28 Lead SBDIP 

HS1-65647RH/Sampto 

+25°C 

28 Lead SBDIP 

HS9-65647RH-Q 

•55°CtO +125°C 

28 Lead Ceramic Fiatpack 

HS9-65647RH-8 

-S5°Cto +125°C 

28 Lead Ceramic Fiatpack 

HS9-«S647RH/ProtO 

-55°Cto +12S°C 

28 Lead Ceramic Fiatpack 

HS9-65647RH/Sampte 

+25°C 

28 Lead Ceramic Fiatpack 

HS9A-65647RH-Q 

-S5°Cto +125°C 

36 Lead Ceramic Fiatpack 


CAUTION: These devices are sensitive » electrostatic discharge. Users should folia* proper I.C. Handling Procecfcjres. 
Copyright © Harris Corporation 189S - 
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HS-6664RH 


DESIGN INFORMATION (Continued) 

The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as 
application and design information onfy. No guarantee is impted. 

HS-6664RH PROGRAMMING CYCLE 
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HS-GGG4RH 


DESIGN INFORMATION (Continued) 

The information contained in this section has been developed throw ?? characterization by Harris Semiconductor and is tor use as 
application and design information only. No &jaratxee is knpted. 


Background Information Programming 

The HS-6664 CMOS PROM is manufactured with all bits 
containing a logical zero (output low). Any bit can be 
programmed selectively to a logical one (ouput high) state 
by following the procedure shown below. To accomplish this, 
a programmer can be buit that meets the specifications 
shown, or use of an approved commercial programmer Is 
recommended. 

Programming Sequence of Events 

1. Apply a voltage of VDD1 to VDD of the PROM. 

2. Read all fuse locations to verify that the PROM is blank 
(output low). 

3. Place theJPROM injthe initial state for programming: 

E = VIH, P = VIH, G = VIL. 

4. Apply the correct binary address for the word to be pro¬ 
grammed. No inputs should be left open circuit. 

5. After a delay of td, apply voltage of VIL to E (pin 20) to ac¬ 
cess the addressed word. 

6. The address may be held through the cyde, but must be 
held valic[ at least for a time equal to td after the faling 
edge of E. None of the inputs should be allowed to float 
to an invafid logic level. 

7. After a delay of_td, disable the outputs by applying a volt¬ 
age of VIH to G Qofn 22). 

8. After a delay of td, apply voltage of VIL to P (pin 27). 

9. After delay of td, raise VDD (pin 28) to VDD PROG with a 
rise time of tr. Al outputs at VIH should track VDD within 
VDD-2.0V to VDD+0.3V. This coukJ be accomplished by 
puling outputs at VIH to VDD through puil-up resistors of 
value Rn. 

10. After a delay of td, pull the output which corresponds to 
the bit to be programmed to VIL. Only one bit should be 
programmed at a time. 

11. After a delay of tpw, allow the output to be pulled to VIH 
through pull-up resistor Rn. 

12. After a delay of td, reduce VDD (pin 28) to VDD1 with a 
fall time of tf. All outputs at VIH should track VDD with 
VDD-2.0V to VDD+0.3V. This could be accomplished by 
pulSng outputs at VIH to VDD through pull-up resistors of 
value Rn. 

13. Apply a voltage of VIH to P (pin 27). 

14. After a delay of td, apply a voltage of VIL to G (pin 22). 


15. After a delay of td, examine the outputs for correct data. 
If any location verifies incorrectly, it should be considered 
a programming reject 

16. Repeat steps 3 through 15 for al other bits to be pro¬ 
grammed in the PROM. 

Post-Programming Verification 

17. Place the PROM in the post-programming verification 

mode: _ 

E = VIH, G = VIL, P = VIH, VDD (pin 28) = VDD1. 

18. Apply the correct binary address of the word to be veri¬ 
fied to the PROM. 

19. After a delay of td, apply a voltage of VIL to E (pin 20). 

20. After a delay of td, examine the outputs for correct data. 
If any location fails to verify correctly, the PROM should 
be considered a programming reject 

21. Repeat steps 17 through 20 for al possible programming 

locations. 

Post-Programming Read 

22. Apply a voltage of VDD2 ■ 4.0V to VDD (pin 28). 

23. After a delay of td, apply a voltage of VIH to E (pin 20). 

24. Apply the correct binary address of the word to be read. 

25. After a delay of TAVEL, apply a voltage of VIL to E (pin 
20 ). 

26. After a delay of TELQV, examine the outputs for correct 
data. If any location falls to verify correctly, the PROM 
should be considered a programming reject 

27. Repeat steps 23 through 26 for all address locations. 

28. Apply a voltage of VDD2 ■ 6.0V to VDD (pin 28). 

29. Repeat steps 23 through 26 for all address locations. 
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SEMICONDUCTOR 


HS-6664RH 


DESIGN INFORMATION 

September 1995 


8Kx8 CMOS PROM 


The Information contained In this section has been developed through characterization by Harris Semkonducxor and Is (or use as 
application and design Information only. No guarantee is impled. 

Background Information HS-6664RH Programming 


PROGRAMMING SPECIFICATIONS 


PARAMETER 


Voltage 'V 


Programming VDD 


Operating VDD 


Special Verify 


Delay Time 


Chip Enable Piise Width 


Address VaW to Chip Enable Low Time 


Chip Enable Low to Output Vald Time 


Programming Piise Width 


Input Leakage at VDD - VDDPROG 


Data Output Current at VDD - VDDPROG 


Output Pull-Up Resistor 


Ambient Temperature 


NOTES: 

1. All inputs must track VDD (pin 28) within these I mils. 

2. VDDPROG must be capable of supplying 500mA. VDDPROG Power Supply tolerance ±3% (Max.) 

3. See Steps 22 through 29 of the Programming Algorithm. 

4. See Step 11 of the Programming Algorithm. 

5. All outputs should be pulled up to VDD through a resistor of value Rn. 

6. Except during programming (See Programming Cycle Waveforms). 
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HS-6664RH 




SEATING AND 
BASE PLANE 


^3S=J. 


Cl LEAD FI PASH 


Cap 


SECTION A-A 

NOTES: 

1. Index area: A notch or a pin ono identification marie shal bo bear¬ 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's Identification shall not be used 
as a pin one Identification mode Alternately, a tab (dimension k) 

may be used to Identify pin one. 

2. If a pin one Identification mark bused In addWon to a tab, the Inv 

fts of dimension k do not apply. 

3. This dimension allows tor off-center Id meniscus, and glass 
ovenrun. 

4. Dimensions bl and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. The maximum Inv 
its of lead dimensions b and cor M shall be measured at the cen¬ 
troid of the finished lead surfaces, when solder dip or tin plate 
lead finish is applied. 

5. Nte the maximum number of terminal positions. 

6. Measure dimension SI at al four comers. 

7. For bottom-brazed lead packages, no organic or polymeric mate¬ 
rials shat be molded to the bottom of the package to cover the 
toads. 

8. Dimension Q shat be measured at the point of exit (beyond the 
meniscus) of the toad from the body. Dimension Q minimum 
shat be reduced by 0.0015 inch (0.038mm) maximum when sol¬ 
der dip lead finish is applied. 

9. Dimensioning and toierandng per ANSI Y14.5M -1982. 

10. ControlBng dimension: INCH. 


0.180 

0^030 " 

0.050 BSC 


1.27 BSC 


0.008 

0.015 

0.20 

0.38 

0.250 

0.370 

6.35 

9.40 

0.020 

0.045 

0.66 

1.14 

0.00 

- 

0.00 

- 

- 

0.0015 

- 

0.04 


Rev. OS/18/94 
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HS-6664RH 


Packaging 



[bbbCNclA BfS) 0< 


Cl LEAD FINISH 


M-» ■*- 

SECTION A-A 


D28.6 MIL-STD-1835 CDIP2-T28 
28 LEAD CERAMIC DUAL-IN-LINE 


(D-1Q, CONFIGURATION C) 
METAL SEAL PACKAGE 


MILLIMETERS 


BASE 

PLANE 

SEATING^ 

PLANE 


S2_Q 


b2-*J «•- 


K?Et3B0EME-*:l 


HEKBEH^Ek: 


1. lndexarea:An<xchorapinoneidemiflcatk)nmafk$te^ 

od adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mart. 

2. The maximum limits of lead dimensions b and c or M shal be 
measured at the centroid of the finished lead surfaces, when 
solder dp or tin plate lead finish is applied. 

3. Dimensions bl and cl apply to lead base metal only. Dimension 
M applies to lead placing and finish thickness. 

4. Comer leads (1. N, N/2, and N/2+1) may be configured with a 
partial lead padde. For trts configuration dimension b3 replaces 
dimension b2. 

5. Dimension Q shall be measured from the seating plane to the 
base plane. 

6. Measure dimension SI at al four comers. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallzadon or lead. 

8. N Is the maximum number of termfrial positions. 

9. Braze filets shall be concave. 

10. Dimensioning and colerandng per ANSI Y14.5M -1982. 

11. Controllng dmension: INCH. 


NOTES 



Rev. 0 5/18/94 
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HS-6664RH 


Harris - Space Level (-Q) Product Flow (No» d 

SEM - Traceable to Diffusion Method 2018 
Wafer Lot Acceptance Method 5007 
Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual inspection (Note 2) 

Temperature Cycling Method 1010, Condition C 
Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris' Option) 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Bum-In Method 1015, Condition B, 72 Hrs, +12?C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO -T1) 

PDA Calculation 3% Subgroup 7 

5% Subgroups 1, 7, A 

Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +12tf ) C 
(Note 3) 

Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 

Bum-In Delta Calculation (TO - T2) 

PDA Calculation 3% Subgroup 7 

5% Subgroups 1, 7, A 

Electrical Tests - Subgroup 3; Read and Record 
Alternate Group A - Subgroups 3, 8B, 11; Method 5005; Para 
3.5.1.1 
Marking 

Electrical Tests - Subgroup 2; Read and Record 
Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 

Gross Leak Tests Method 1014,100% 

Fine Leak Tests Method 1014,100% 

Customer Source Inspection (Note 2) 

Group B Inspection Method 5005 (Note 2) 

End-Point Electrical Parameters; B-5 - Subgroups 1, 2, 3, 
7, 8A, 88, 9, 10,11; B-6 - Subgroups 1, 7, 9 
Group D Inspection Method 5005 (Notes 2, 4) 

End-Point Electrical Parameters: Subgroups 1,7,9 
External Visual Inspection Method 2009 
Data Package Generation (Note 4) 


1. The notes of Method 5004, Table 1 shal apply; Unless Otherwise Specified. 

2. These steps ere optional, and should be listed on the individual purchase order(s), when required. 

3. Harris reserves the right of performing bum-in time temperature regression as defined by Table 1 of Method 1015. 

4 . Data package contains: Radtation Testing Certificate of Conformance 

Assembly Attributes (post seal) Wafer Lot Acceptance Report (Including SEM Report) 

Test Attributes (indudes Group A) X-Ray Report and Fim 

ShippaWe Serial Number List Test Variables Data 


Harris -8 Product Flow 

Internal Visual Inspection Method 2010 Condition B 
Alternate 

Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, Condtlon C 
Fine and Gross Leak Tests Method 1014 
Constant Acceleration Method 2001 Y1 30KG 
Initial Electrical Tests 

Dynamic Bum-ln Method 1015, Condtlon D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 

Brand 

Customer Source Inspection (Note 1) 

Group B Inspection Method 5005 (Notes 1, 2) 
Group C Inspection Method 5005 (Notes 1,2) 
Group D Inspection Method 5005 (Notes 1,2) 
External Visual Inspection Method 2009 
Data Package Generation (Note 4) 


NOTES: 

1. These steps are optional, and must be negotiated as part of order. 

2. Group B, Card D data package contains Attributes Data. 

3. Hants reserves the right to perform Alternate Group A The 5% PDA Is stil applicable. 

4. '-8' Data package contains: 

Assembly Attributes (post seal) 

Test Attributes (Indudes Group A) 

Radation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 
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HS-6664RH 


HS1-C664RH 28 LEAD (8KxB PROM DIP) 
HS9-6664RH 28 LEAD (8K x 8 PROM FLATPACK) 



HS1-6664RH 28 LEAD (8K x 8 PROM DIP) 
HS9-6664RH 28 LEAD (8K x8 PROM FLATPACK) 



DYNAMIC CONFIGURATION 

NOTES: 

1. Power Supply: VDD - 5.5V (Min) 

2. VIH - VDD to VDD-1.0V 

3. VtL-0.0VtD0.8V 

4. Resistors-10KQ± 10% 

5. F0 - lOOKHz 1 10%. 50% Duty Cycle 

6. FI - FQ/2; F2 - FI/2; F3 - F2/2; F4 - F3/2; F5 - F4/2;.. 
F13 - F12/2 


HS1-8664RH 28 LEAD (SKx8 PROM DIP) 




p: 

=iAI 
24V—— 

51411 - 

g j G 

=j A10 

= ! El 

m£2S- 

is^22L 

={pcp 



:±r VDO-C3NO 


NOTES: 

1. Power Supply: VDD-5.5V ±D.5V 

2. Ail Realtors-47KO± 10% 





Specifications HS-6664RH 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS 

METHOD 

.QSUBGROUPS 

-6 SUBGROUPS 


Initial Teat 


Interim Test 


PDA 1 and 2 


Final Teat 


Group A 


100%/50G4 


100%/5004 


100%/5004 


100%/5004 


Samples/5005 


1, 7,9 


1, 7,9 


1,7, A 


2, 3. 8A, BB, 10, 11 


1,2.3, 7.8A.8B, 9, 10,11 


Timing Waveform 

READ CYCLE 


v\yi.sv i* 

*:3r w*- 10 

:<7\ ADDRESS 



2, 3, 8A, 8B, 10, 11 


1,2, 3. 7, 8A, 8B. 9,10.11 


Group B 

B5 

Sample s/S 005 

1,2, 3, 7, 8A, 8B 

N/A 

( Upuonal) 

Others 

Sample s/5005 

1,7.9 

N/A 

Group C (Optional) 

Sample s/5005 

N7A 

1, 7,9 

Group D (Optional) 

Sample s/5005 

1, 7,9 

1,7,9 

Group E r Subgroup 2 (Note 1) 

Samples/5005 

1,7,9 

1,7,9 

NOTE: 

1. Harris may exercise Its option to perform to a smal lot sampling plan of 5 units per kx 



VAUD 

ADDRESSES 


ADDRESSES 


DATA 
OUTPUT. 
QO- 
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Specifications HS-6664RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Guaranteed and 100% Tested. 


PARAMETER 

SYMBOL 

(NOTES 1,2, 3) 
CONDITIONS 

GROUP A 
SUBGROUPS 

TEMPERATURE 

Chip Enable Low Width 

TELEH 

VDD- 4.5V and 5.5V 

9,10.11 

-55°CST a S+125°C 

Chip Enable High Width 

TEHEL 

VDO-4.5Vand 5.5V 

9,10,11 

•55°C ST a S +125°C 

Read Cycle Time 

TELEL 

VDO ■ 4.5Vand 5.5V 

9,10,11 

-55°C £T A S +125°C 



NOTES: 

1. Ail voltages referenced to device GND. 

2. AC measurements assume transition time 5 5ns; input levels - 0.0V to 3.0V; timing reference levels -1,5V; outpu load -1TTL equivalent 
bad and CL 2 50pF. 

3. All tests performed with P hardwired to VDO. 

4. Address Access Time (TAVQV) - TELQV ♦ TAVEL • 65ns (maximum). 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 


PARAMETER 


Input Capacitance 


I/O Capacitance 


Chip Enable Time 


Output Enable Time 


Chip Disable Time 


Output Disable Time 


(NOTE 2) 

SYMBOL CONDITIONS 


CIN VDO - Open, f-1MHz 


Cl/O I VDO-Open, f- 1MHz 


TELQX VDO - 4.5V and 5.5V 


TGLQX VDO-4.5V and 5.5V 


TEHQZ VDO - 4.5V and 5.5V 


TGHQZ VDO « 4.5V and 5.5V 


NOTES 


1,3 


,3 


3 


3 


3 


3 


TEMPERATURE 


5^0 


-55°CST a S+125°C 


-55°CST A S+125°C 


-55°CiT A S+125°C 


-55°CST A S+125°C 



UNITS 


PF 


CZJ 

ns 


ns 


ns 


ns 



NOTES: 

1. Al measurements referenced to device GND. 

2. Al tests performed with P hardwired to VDO. 

3. The parameters listed are controled via design or process parameters and are not drecdy tested. These parameters are characterized 
upon Initial design and after design or process changes which would affect these characteristics. 


TABLE 4. POST 100K RAD AC AND DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
NOTE: All AC and DC parameters are tested at the +25°C pre-irradtoUon limita. 

TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


PARAMETER 

SYMBOL 

DELTA LIMITS 

Standby Supply Cunert 

IDDSB 

±50|»A 

Input Leakage Current 

IOZ 

±1pA 


II 

±100nA 

Output Low Voltage 

VOL 

±60mV 

Output Ugh Voltage 

VOH 

±400mV 
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Specifications HS-6664RH 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (All Voltages Reference to Device GND).+7.0V Thermal Resistance Qj* djc 

input or Output Votage Braze Seal DIP Package. 40.0°GW 4.0°C/W 

Applied for Ail Grades.GND-0.3V to VDD+0.3V Braze Seal Flatpack Package. 53.4°CAV 6.0°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175°C Braze Seai DIP Package.1.75W 

Lead Temperature (Soldering 10s).+300°C Braze Seai Ratpack Package.936mW 

ESD Classification.Class 1 Gate Count.26,817 Gates 

CAUTION: Stresses abate those listed m 'Absokjm Maximum Ratings 0 may cause permanent damage to the device. This a a stress only radng and operation 
of the device at these or any other conditions aPov* those indicated k\ the cperatfonaf sections of thb specification a not imptied. 


Operating Conditions 

Operating Supply Voltage Range (VDD).+4.5V to +5.5V Input Low Voltage (VIL).0V to +0.8V 

Operating Temperature Range 0 a) .-55°C to +125°C Input High Voltage (VIH).+2.4V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested. 


PARAMETER 

SYMBOL 

High Level Output 

Voltage 

VOH1 

Output High Voltage 

VOH2 

Low Level Output 

Voltage 

VOL 

High Impedance Output 
Leakage Current 

IOZ 

input Leakage Current 

ii 

Standby Supply Current 

IDDSB 

Operating Supply 

Current 

IDDOP 

Functional Test 

FT 


(NOTES 1. 2) 
CONDITIONS 


VOH1 VDD - 4.5V, KD - -2.0mA 


VOH2 VDO - 4.5V, 10 - IQOpA 


VDD- 4.5V, 10 -4.8mA 


VDD - 5.5V, VI - GND or 
VDD. P Not Tested 


VDD-5.5V, 10-OmA. 
VI-VDD or GND 


GROUP A 
SUBGROUPS 

TEMPERATURE 

1.2,3 

-55°CST A S+125°C 

3 

-55°C £T A £ +125°C 

1.2,3 

-55°C£T A S+125°C 

1,2.3 

-55°C£T a S+125°C 

1,2.3 

-55 0 CsT a S+125°C 

1,2.3 

-55°C £ T A £ +125°C 

1,2.3 

-55°C £T A £ +125°C 

7, 8A.8B 

-S5°C ST A S +125°C 


LIMITS 

MAX UNITS 


(Note 3), t - 1MHz, 

10 - OmA, VI - VDD or GND 


Functional Test FT VDD - 4.5V (Note 4) 


NOTES: 

1. All voltages referenced to device GND. 

2. All tests performed with P hardwired to VDO. 

3. Typical derating - ISmA/MHz Increase In IDDOP. 

4. Tested as follows: f« 1MHz, VIH « 2.4V, VIL - 0.45V, I0H - -1mA, IOL - + 1mA, VOH ;> 1.5V, VOLS 1.5V. 



TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. 


PARAMETER 

SYMBOL 

(NOTES 1. 2, 3) 
CONDITIONS 

Output Enable Access Time 

TGLQV 

VDO-4.5V and 5.5V 

Chip Enable Access Time 

TELQV 

VDD-4.5V and 5.5V 

Address Setup Time 

TAVEL 

VDO-4.5Vand 5.5V 

Address Hold Time 

TELAX 

VDO-4.5Vand 5.5V 



UMTS 

MAX UMTS 


20 ns 


60 ns 
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HS-6664RH 


Functional Diagram 


MSB 
A2- 
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GATED COLUMN DECODER 
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LATCHED ADDRESS 
REGISTER 


MSS 


nun- 

AO A1 AIO At All A12 


t P must be hardwired at al times © VDD, except during programming. 

TRUTH TABLE 
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MODE 

0 

0 
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0 
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Output Disabled 
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Disabled 
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Features 

• 1.2 Micron Radiation Hardened Bulk CMOS 

• Total Dose 3 x10 s RAD (Si) 

• Transient Output Upset >5 x 10* RAD (Si)/s 

• LET >100 MEV-cm 2 /mg 

• Fast Access Time-35ns (Typical) 

• Single 5V Power Supply 

• Single Pulse 10V Field Programmable 

• Synchronous Operation 

» On-Chip Address Latches 

• Three-State Outputs 

• NICr Fuses 

• Low Standby Current <500pA (Pm-Rad) 

• Low Operating Current <15mA/MHz 

• Military Temperature Range -55°C to +12S°C 

Description 

The Harris HS-6664RH is a radiation hardened 64K 
CMOS PROM, organized in an 8K word by 8-bit for¬ 
mat. The chip is manufactured using a radiation 
hardened CMOS process, and utilizes synchronous 
circuit design techniques to achieve high speed 
performance with very low power dissipation. 

On-chip address latches are provided, allowing easy 
interfacing with microprocessors that use a 
multiplexed address/data bus structure. The output 
enable control (G) simplifies system interfacing by 
allowing output data bus control in addition to the chip 
enable control (E). Ail bits are manufactured storing a 
logical V and can be selectively programmed for a 
logical T at any bit location. 

Applications for the HS-6664RH CMOS PROM 
indude low power microprocessor based instrumenta¬ 
tion and communications systems, remote data acqui¬ 
sition and processing systems, and processor control 
storage. 


Pinouts 


28 LEAD CERAMIC SBDIP 
CASE OUTLINE D28.B MIL-STD-183S, CWP2-T2S 
TOP VIEW 


NC [T 
A12(][ 
A7[T 

a*E 

«E 

A «E 

A 2 E 

A1 E 

Aojio 

DQojjT 
DQ1 |2 
DQ2|j3 

gndF? 


ajvno 
3? t 

U MC 


9® 

30Q7 

3 DO* 

3 DO. 
3 DQ4 
3 DOS 


28 LEAD FLATPACK 

CASE OUTUNE K28.A MIL-STD-1835, CDFP3-F28 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.- 
Copyright © Harris Corporation 199S - 
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POWER-UP RESET 

The power-up reset feature ensures that all flip-flops win 
be reset to LOW after the device has been powered up. 
The output state wffl depend on the programmed pat¬ 
tern. ijhn feature is valuable in simplifying state machine 
initialization. See figure 6 for a timing diagram. Due to 
the synchronous operation of the 


power-up reset and the wide range of ways Vdo can rise 
to its steady state, the following two conditions are re¬ 
quired to ensure a valid power-up reset. 


• The Vdo rise must be monoionic 

* following reset, the clock input must not be driven from 
LOW to HIGH until all applicable input and feedback 
setup times are met. 



Figure i. Power-Up Reset Waveform 


RADIATION HARDNESS 

The UT22VP10 RADpaL incorporates special design and and reliability. For transient radiation hardness and 
layout features which allow operation in high-level radi- latchup immunity, UTMC builds all radiation-hardened 

atioo environments. UTMC has developed special low- products on epitaxial wafers using an advanced twin-tub 

temperature processing techniques designed to enhance CMOS process, 

the total-dose radiation hardness of both the gate oxide 
and the field oxide while maintaining the circuit density 


RADIATION HARDNESS DESIGN SPECIFICATIONS 1 


PARAMETER 


ITbtal Dose 


LET Threshold 

i * ■ 

Neutron Fluence 




CONDITION MINIMUM UNIT 

4-25 a C per MIL-STD-883 Method 1019 1.0E6 _ rads(Si) 

-55°C to +125*C 50 MeV-cnAmg 

™ IMeV equivalent L0E14 n/cm 2 
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Clock to Combinatorial Output (tco 2 ) 


t<y defined Mtfc«propa£3tl£* delay from 


fMAX3i Internal Feedback 



Figure 5. Signal Paths 
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*WH * 


HPUTOR 
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Clock Width 


Combinatorial Output 

(VoH-ojyvbL + asv) 


IMPUT AS8EKTM& 
synchronous 
PRcarr 



REGISTERED 

OUTPUT 


Asynchronous Reset 


Synchronous Preset 


N*c* 

1. Vr=l-SY 

2. boot ptdbe wnpBOMfc OV to 3.0V. 

5, Jagwtrije «^uQmne« 3m mArknum. 


Figure i AC Electrical 
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AC CHARACTERISTICS READ CYCLE (Po*t-RadiaUon) l - 
(Vdo ~ 5.0V ± 10%; -55’C < Tc < +125*C) 


SYMBOL ] PARAMETER 


Input to output propagation delay 


Inpat to output enable delay 


Inpat to output disable delay 


Clock to output delay 


dock to combinatorial output delay via internal regis¬ 
tered feedback 


Input or feedback setup time 


Input or feedback hold time 


External clock period (too + ts) 


twt.'WL I Clock width, dock high time, clock low time 


I Ext erna l maximum frequency (l/(tco + *s)) 


&jaX 2 I Data path maximum frequency (l/(twH + t Wt)) 


fMAX3 | Internal feedback maximum frequency (l/(tco + kr)) 


Register dock to feedback input 


Asynchronous reset width 


Asynchronous reset recovery time 


Input to asynchronous reset 


Synchronous preset recovery time 


Power up reset time 


MINIMUM 


MAXIMUM 


1. Poa- nHurioc perfomooce $u*n»aeri *3$*Cp«cMnj8TD-S83 M «fco d 1019*11.CE6 cxkjSi). 

2. OwBnkaod by dunctmufo*. 
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DC ELECTRICAL CHARACTERISTICS 2 

(V DD = 5.0V ± 10%; Vss = 0V », -55°C < T C < +125 4 C) 


1 

SYMBOL 

PARAMETER 

CONDITION 

MINIMUM 

MAXIMUM 

UNIT 

V|L 

Low-level inpat voltage 

TTL 

- 


V 

Vw 

High-level inpat voltage 

TTL 

2.2 

— 

V 

VlL 

Low-level input voltage 

CMOS 


3*V D£ > 

V 

V*h 

High-level input voltage 

CMOS 

•7*V dd 

— 

Y 

VOL 

Lew-level output voltage 

Iol= 12DmA, V D d= 45V (TTL) 

1 

A 

V 

VoK 

High-level output voltage 

Iqh = -12.0mA, Vdd = 45V (TTL) 

2.4 

— 

V 

V6L 

Low-level output voltage 

Iol » 200pA,V D D ~ 45Y (CMOS) 

— 

Vss+0.05 

V 

VoH 

High-level output voltage 

Iqh * -200pA, Vdo m 45V ~ 1 

(CMOS) 

Vod-O-05 


V 

ItH 

Input leakage cunent 

Vw — Vo D and Vss 

-10 

10 

jiA 

loz 

Three-date output leakage 1 

current 

v<>=V qo Vss ! 

Vod = 5-5V 

-10 

10 

pA 

log** 4 

Short-circuit output current 

i 

g> 

it ii 

1 ?? 
in in 

II U 

§§ 

>> 

-160 "1 

: 

160 

mA 

On 5 

Input capacitance 

/=lMHz @0V 

— 

15 

pF 

Q/6 S 

Bkflrecticmal capacitance 

/»lMHz@0V 

- 

15 

pF 

Iqc 

Output three-state, worst-case 
pattern programmed, {maxi 

V DD = 55V 


120 

mA 


L ItodiniiiM shift wpwb 50mV. 

Z AH fpedficatkwx valid for nufiarioa date £ 1E6 

DuxitioaiioCioesccedliecQfld.oMootputilttimfi. 

4. CusraBteody biiC «ot testtd 

5, Tbsted for icilfaf on* 


a 
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Commercial Version (Contjmad) 

DIP ECL-to-TTL AC Electrical Characteristics 


VEE 


-4.2V to -5.7V, Vm “ +42V to +5.5V, Vcc * VcCA " OND, - 60 pF 


ibol 

Psrsmstsr 

To - ire 

T 0 - 2TC 

' 

t 0 - ire 

Unit* 

Conditions 

Nn Max 

Min Max 

Min Max 


Eo*0T n 

(Transparent) 

22 5.6 

2.4 5.6 

2.6 5.9 

ns 

Figure* 3 & 4 


LEtDTn 

3.1 72 

3.1 72 

32 7.7 

ns 

Rgur**3&4 

\ 

OEtoTn 
(Enftbki Tima) 



4.0 9.7 

42 9.96 

ns 

Ffgurm3&5 

f 

OEtoTn 
(Dtaatta Tima) 

32 8.95 

3.0 7.7 


32 92 

4.1 0.96 

ns 

ffgtr—3&5 

E 

DtRtoTn 
(DtaafcOa Time) 

2.7 82 

2* 7.45 

22 8,7 

3.1 7.05 

3.1 8.95 

4.0 9l2 

ns 

Hgurm3&6 
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SOIC, PCC and Cerpak TTL-to-ECL AC Electrical Characterlatlca 

V K - 4SN to “6.7V, Vm. - + 4.SV to + 6.6V 

Symbol 

Parameter 

t c - <rc 

t c - «rc 

T c -W*C 

umia 

Condi tiona 

Min Max 

Min Max 

Min Max 

tPLH 

t«HL 

TntoEn 

(Transparent) 

1.1 13 

1.1 3.4 

1.1 3.6 

na 

ns 

Figures 1&2 

*PLH 

tpHL 

LEtoEn 

1.7 3.4 

1.7 3.5 

m 

H 

Hgun§1*2 

*PZH 

OEteE n 
(Cutoff to High) 

DD 


DD 

na 

Ffffum 1 &2 

tPHZ 

Oe»oE n 

(HlghtoCuton) 

OD 

1.6 4.3 


D 

Ftgur** 122 

tPHZ 

DRtoE n 
(High to Cutoff) 

1.6 4.1 

1.6 4.1 

1.7 41 

na 

Ffgum 122 

w 

T n toLE 

1.0 

1.0 

1.0 

na 

Fyun*122 

thott 

TntOLE 

1.0 

1.0 

1.0 

na 

Ffffum 122 


Pulae Width LE 

2.0 

2.0 

2.0 

na 

Figures US 


Transition Time 

20% to 80%, 60% to 20% 

■B 

0.6 1.6 

BB 

na 

Ffffum 112 

*GSHL 

Mftxvnjm Show Common Edga 
Outpul»to«Output Variation 

Cat* to Output Path 

200 

200 

200 

f» 

POC Only 
(N04® 1) 

^OCLJH 

Maximum Skew Common Edga 
Output-to-Output Variation 

Data to Output Path 

200 

200 

200 

P* 

PCC Only 
(Note 1) 

<OST 

Maximum SMmt OppoaNa Edga 
Output-to-Output Variation 

Data to Output Path 

650 

660 

660 

P* 

POC Only 
(Note 1) 

•p. 

Maximum Ska* 

Pin (Signal) Transition Variation 
Data to Output Path 

650 

650 

660 

pa 

PCC Only 
(Not# 1) 

Mot* 1:Ou« 
dew*. The 
HL and LH 

xs-to-Ousmt Ska* 4 Mad m th* abKiU* wka ol th* (tttwwioa bawn th* aohai profMoMon delay tor outpisa tn* e*m* packaged 

^Maacatone apply fc> any ouputi ierdDhrifl r the **m* drtcton crttwr HK2H to U0W(to«nJ> 0r HOH (Ioblh). or to oppo»to iir»tnom bctti 

load. Pwwmww fear flunm—d by dsdQft 
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Commercial Version (continued) 

SOIC, PCC and Cerpak ECL-to-TTL AC Electrical Characteristics 

VEE - -4.2V B -5.7V, Vrn - +45V to +5.5V, Ct - 50 pF 

Symbol 

Parameter 

T e -o*C 

T c - M*C 

T 0 -«« 

Units 

Conditions 

Min Max 

Min Max 

MM Max 

tPHL 

EntOTn 
(T ranaperant) 

Z3 6.4 

2.4 6.4 

ZB 5.7 

n$ 

F&JT9S3&4 

PH 

L£tOT n 

ai 7.0 

3.1 7.0 

33 7.5 

I’M 

Figures 3 & 4 

tf»ZH 

»PZL 

OEtoTn 
(Enable Time) 




D 

Flgur9$3S5 

tPHZ 

OEtDTn 
(Disable Tims) 

Z2 ».76 

ao 7.5 

3.3 *75 

3.4 8.5 

3 3 9.0 

4.1 a75 

ns 

Rguna$3&6 

tpHZ 

DIRtoTn 
(Disable Tims) 

2.7 8.0 

ZB 123 

23 8.6 

3.1 7.75 

3.1 &75 

4.0 ao 

ns 

Ffr**$3& 6 

w 

EntDLE 

1.0 

1.0 

1 3 

na 

Ffffurm3&4 

thoid 

EntDLE 

2.0 

23 

23 

rts 

Ffgur*$3&4 

WH) 

Pulse Width LE 

4 J> 

4.0 

4.0 

na 

Figura*3&4 

tOSHL 

Maximum Skew Common Edge 
Output-to-Output Variation 

Data to Output Path 

000 

BOO 

600 

pe 

PCC Only 
(Hotel) 

<OSLH 

Maximum Skew Common Edge 
Output4oOutput Variation 

Data to Output Path 

860 

860 

860 

P8 

PCC Only 
(Note 1) 

tOST 

Maximum Skew Opposite Edge 
Output-to-Oitput Variation 

Data to Output Path 

1360 

1360 

1360 

P* 

PCC Only 
(Note 1) 

w 

Maximum Skew 

Pin (Signal) Tranafton Variation 
Data to Output Path 

960 

960 

960 

pa 

PCC Only 
(Hotel) 

Note tout 
dateoa.Ths 
HL vteLH 

pui-teOu»mSkewli dtetesd «» fwtuoUte vtlus ofthetMhranosbeteesnih>saidpropeQMoodsteykr«nyajputtwfctfr f Mir* packaged 
«Mcrtca«cr* tpply to any outputs stexrtr* In ths stmt *scSen Uttar HUH to LOW ^ » W|QH <af **°'* ** 

ftorr^ Parameters Vaar end V ntesd by d—gn. 
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Industrial Version 

PCC TTL-to-ECL DC Electrical Characteristics 

u_ _ -i 2 V ID -5.7V. Vcc - Vcca - QND, Tc - -40*C to + 85*C, Vm. - +4 - 6v + 5 - 6v (Not*) 


Symbol 

Parameter 



Voh 

Output HIGH Vottage 

Vql 

Output LOW Voltage 


Cutoff Voltage 

VOHC 

Output high Vonage 

Comer Point Ugh 

Vote 

Output LOW Vott* 0 « 

Corner Point Low 

Vh 

Input HIGH Voltage 

Vl 

input LOW Voltage 

IlH 

Input HIGH Currant 


Breakdown Test 


T 0 - -«*C 


Te - C*C to + gfC 


Mat 


Input LOW Currant __ 

Iryut damp Diode Voltage -1 2 
V 55 Supply Current 



I nit* I Contfttofl* 


mV | Vm - ViH(Uirt©rVUWn) 
Lowing with 500 to —2V 


OE or DtR Low, 

V*- V|H<u*tf or V|_^n> 
Loading with 500 to -2V 


V* - V|H(1bBn)0rV|Lflyta«) 
Loaning with 500 to -2V 



Itg - -IB mA _ 

LE Low, 06 and DIR High 
Inputs Open 

VEE “ -4^Vto -45V 
VgS- —4.2V tQ -5.7V 


PCC ECL-to-TTL DC Electrical Characteristics 

Vee - -4JV tt» -5.7 V, Vcc - Vcca - GND.Tc - -40*0 to +«5-C,Ct 

I I I T C - -«rc Tc - 0"C»o ■‘■*5*0 

Symbol Parameter ----- 


50 p f' y m - +4.5V to + 55V (Note) 


Conditions 
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OEtoEn 
(Cutoff to High) 


OEtoEn 
(high to Cutoff) 


DRtoE n 

(hfghtoCutoff) 


T n toLE 


T„toLE 


Pulse Width LE 


Transition Tim# 

20% to 80%, 80% to 20% 


PCC ECL-to-TTL AC Electrical Characteristics 

Vffi - -42V to -5.7V, Vm - +4.5V to +55V, Cl - 50 pF 


Fjgms Hi 
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Military Version 

TTL-to-ECL DC Electrical Characteristics 

Vge - —4.2V IP -6.7V. Vcc ~ Vcc* ~ QND. Tc-6FC to + 125*0, Vttl ~ + «-5V » + 6.SV 



Pimhctir 


Max 

Unfta 

To 

Condt 

bona 

Note* 

VO« 

0 Jtput HIGH Vortag« 

— 1026 

—870 

mV 

or e to 
+ 126*C 

V|N “ V|H (M») 

0 »V|(_ (Min) 

Lotting with 
60n to -2XN 

1,2.3 

-1086 

-870 

mV 

-S5*C 

VOL 

Output LOW Voltage 

-1830 

-1620 



-1830 

-1555 

mV 

-55*C 

Cutoff Voftag# 


— 1060 

mV 

(TCto 
+ 126*C 

06 or DIR Low 


-1860 

mV 

-55*C 

v OHC 

Output high Voltage 

-1036 


mV 

<rct# 

+ 126*C 

Vfl - V|H (Min) 
OfV lu (M«) 

Lowing with 
50i» to -20V 

1,2,3 

-1086 


mV 

-65*0 

Vox 

Output LOW Voltage 


-1610 

mV 

ore to 

+ 126*C 


-1555 

mV 

~55*C 

V| H 

Input HIGH Voltage 

2.0 


V 

—65*Cto 
+ 125*G 

Ov#r Vm. T C Rang* 

1,2, 3,4 

ViL 

Input LOW Voltage 



1 


OverV m , V E& T C Rang# 

1.2, 3,4 

in 

Input HIGH Current 


70 

D 


V* - + 2.7V 

1.2,3 

Breakdown Test 


1 JO 

mA 

—66*C to 
+ 12S*C 

V W - +5.5V 

>L 

Input LOW Current 

-1.0 


mA 

—65*C to 
+ 126*C 

V* - +Q.5V 

1,2.3 

VFCO 

Input Clamp 

Dtode Voltage 

-1.2 


V 

—65*Ctp 
+ 126* C 

1*^ “ —18 mA 

1.2,3 

Iee 

Vee Supply Currant 

-166 

-176 

-65 

—65 

mA 

—66*C to 
+ 126*C 

LE Low, 06 and DIR High 

Input* Open 

Y k - -42V to -4.8V 

Vee - -42V to -5.7V 

1,2,3 
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Military Version (ConthMd) 

ECL-to-TTL DC Electrical Characteristics 

Vee - -4.2V ID -5.7V, Vcc - VCCA - QND. T C - -56*C ID + 126*0, Cl - 50 pF, Vm - + 4.6V to + 6.6V 

Symbol 

Parnnibr 

urn 


um* 

To 

Conditions 

Notes 

VoH 

Output HIGH Vottage 

23 

2.4 


mV 

(TCto +126‘C 
-55^; 

lOH- -ImA.Vm- 430V 
Ioh- “3mA.V ttl-430V 

1.2.3 

Vol 

Output LOW Voftage 


03 

mV 

—55*C 
+ 12S*C 

l<X- 24mA,Vm " 430V 

Vih 

Input HIGH Voltage 

-1106 

-870 

mV 

—55*C 
+125*C 

Guaranteed HIGH Signal 
for Al Inputs 

1,2, 3,4 

VlL 

Input LOW Voltag* 

-1830 

-1475 

mV 

—66*C to 
+125*C 

Guaranteed LOW Signal 
for Al inputs 

1,2. 3,4 


Input HIGH Current 


360 

500 


0*Cto 
+ 126*C 

Vo - “5.7V 

Vh - Vih (Max) 

1,2,8 

>L 

Input LOW Current 

0.50 



—66*C to 
+ 126*C 

Vee “ -4.zv 

Vw-ViL(Min) 

1,2,8 

Iqzht 

TRI-STATE Current 
Output High 


70 


—65*C to 
+ 12S*C 

VoUT- +2-7V 

1.2.3 

IoZLT 

TRUSTATE Current 
Output Low 

-1.0 


mA 

—65*C to 
+ 126*C 

Vcxrr- +03V 

1.2.3 

>0* 

Output Short-Circuit 
CURRENT 

-150 

-60 

mA 

—65*C to 
+ 126*C 

Vqut “ o.ov, Vttl — +53V 

1,2,3 


Vm. Supply Current 


75 

50 

70 

mA 

mA 

mA 

-66*CtP 
+ 126*C 

TTL Outputs Low 

TTL Output Ugh 

TTL Output In TRI-STATE 

1,2.3 

Mats t HOOK aoo Series eorid tsmperews h performed by tempmure eoerfng (to gusreraee Juncdon ton«arttm equals -STQ, then toatog 

mmedrfsy aitoout tfoaring tor tie yiotcn tsmperabn to iMafijs due to heet detopebon whm power-up. Ttoe prmtoee -cold dart" vase car be 

oonMnd • worn one oontMon at cold wrpvtom 

Mete ft: Screen teeMd 10014 an eeoh d«4oe el ~M*C, +sra*nd + IOC, tubpmpe, 1 .! 3,7. end S. 

Mete to Sample tostad (Method 5006, Tttlm 1) on each manutocnnd lot at — MrC, +*0rQand + 1«rC, Sufapvups Al, *», 7,and§. 

Met* * Qjaransead by ^plying yaoSed input condton and Ming VqhHol- 

TTL-to-ECL AC Electrical Characteristics 

Vee -4.2V to -57V, v m - +4.6V to + 5.6V, Vcc - Vcc* - GND 

Symbol 

Parameter 

t c - -«rc 

T C -arc 

T C - + 12S*C 

Units 

Condition* 


Min Max 

C3K9 

Min Mix 

tpLH 

bHL 

TwtoEn 

(Transparent) 

a& 3.4 

1.1 3S 

0.8 a7 

na 

na 

Figures 1 &£ 

1,2,3 

t«_H 

tPHL 

L£toE„ 

1.2 3.8 

EKI 

i.i at 

na 

na 

Figures 1A2 

tpZH 

0EtoE n 
(Cutoff to HIGH) 

0.8 3.6 

1 3 4.0 

2.0 53 

D 

Figures 122 

1.2.3 

2 

0EtoE„ 

(H OH to Cutoff) 

1.6 4.6 

1.6 4 2 

1.6 4.3 

na 

Figures 122 

tpH2 

DIR to E n 
(HIGH to Cutoff) 

1.6 4.7 

1.6 43 


D 

figures 122 

w 

T„tDLE 

Z5 

2.0 

2.5 

ns 

Figures 122 

4 

thoto 

T„t0LE 

2.5 

2.0 

23 

na 

Figures 1A 2 


Pulse Width LE 

2.5 

2.0 

2.5 

na 

Figures 122 

4 

♦tlh 

Ithl 

Transition Time 

20% to 60%, 80% to 20% 

0.4 2.3 

03 2.1 

DB 

na 

Figures 112 

fl 

1_—1 
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Military Version (contra*# 

ECL-to-TTL AC Electrical Characteristics 


Unit* Condition* Not** 


E„toT„ 

(Transparent) 


XL H OE to T n *2 8.0 3-7 *0 4.0 9-Z 

ajL (Enable Tine) 3.6 8.0 4.0 4.3 9.6 

8hz oe to T n 3-2 as as ao as a4 

9\_2 (DjMbj; Tim#) 3.0 _ao_a4_ 73 _ 4.1 10.0 

9U2 D«toT n 2.9 7.0 2.9 7.0 2.9 9.0 

^2 pgto Tim#) a7 7.0 3.1 7X> 4.0 10.0 

* _ E n to le _as_ao_as_ 

y* E n tp le _ao_as_ao_ 

p*o-d PutoWktMJE as _ao_ao_ 

not* 1 ! fiook 300 Senas cott tamperaUie Maine la p a i t onw ad by tampw^a sooting (to guarwSee >mcion 
brwedtiQeV after power >41 This pretrtdee “aold part" apeoa which oan be eonMdered e worn oeee eondlon at odd 

Mete t: Soeen tasted IOOH on each drAoe P + ©"C, tarrparMia only, SttiptKp AS. 

Mala fc Semple taped (Method 8006, Table f) on each n% lot at +»Q WW A*, and at + ito’C and -68rC 
beta * Not tooled et +36*0, + 125*C and -66* C temperature (depgn eharectertorton d*$. 


rts figurB$3&4 

-1,2,3 

m 

r» Ftpres3&5 

ns Rgw$3&5 1,2,3 

nt figure* 5 

no figured 4 ^ 

ns fSgunwJH _ 

no F/ffLrt*3&4 4 

temperature spiels -65*0, than tartng 


tefwesmee au^oups AtO and All 






Test Circuitry (TTL-to-ECL) 

Vi ■ « 



«At - son t*TT*m«on.Vrtwn*n Input wou^iil^morttofed byssoope. Rt to s^Jpiedi* the rape’s 50ft feeirfanoe.*^ an ir^ or o*itf tan* 
monitored, an emmal Mfi retosienoe must be ■CO*ed to serve es f\. 
t TTV and 6CL force rignits are brought 10 the OUT vie 50ft ooax Ine*. 

* Vfn to beau** to Wth 0.1 ^ to *ound, Vr Is deoavtod to oound e*h 0.01 ^ end Vqo <•*»“*■** yw«t 
4; Fqr BCL bout ptne, the se M vWen t fcrce/ssnea ebatty to opienbL 

FlOUR* 1. TTL-to-ECt. AC Teel Circuit 

Switching Waveforms (TTL-to-ECL) 



FIGURE 2. TTL to ECL Tr»n»ltion—Prop«B»t!on Delay and TranaJtton Ttmaa 
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Test Circuitry (ECL-to-TTL) 





1: R, - SOfi Whan an Input or ou*»rt h bafrifl wcrtnwd by »loop*, to by ** aoocM't 500 Wh*o •« tnpui er c*Mf*A to 

monNortd, an «rt*n»l 5PO r**rt*no* m/* b* 10 • *V 

t Ttn TTL Trt-8*rt pUl up pwtah It oorvurtid to +7V on|r ter ZL LZ *■*»• 

J: mand KX tro* ^n»t* m brautft t> 9» OUT * »a eon km 











Switching Waveforms (ECL-to-TTL) 


■jv-r 


11*11 


Mill 


V® H 


Nr4e OtA b IW, tnd QC Is HK3M 

FWURE 4. ECL-IO-TTL Traooh loo PropogMkHi Dotty and TnanaWon Tfcrm 


OUTPUT DUIU 


c NR is ID*. l£ ts HK3H 


OSV V «< TTL > 



FIGURE 5. ECL-Ro-TTL Traction, OE to TO.Output, E mb* and DtaaMo Timoo 


VKCnOH CONTROL 



e M IsHKJH, LEO HIGH 


FIGURE 6. ECL-IO-TTL TTantltton, DiR to 7TL Output, DdlWi Tlmt 
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100328 Low Power Octal ECL/TTL Bi-Directional Translator with Latch 


Physical Dimensions h<^(miir^t»rs)(coniir^ 

n 



-I.MBAI 


24-L«ad Quad Cerpak (F) 

NS Peekage Number W34B 


LIFE SUPPORT POUCY 

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL 
SEIhftCONDUCTOR CORPORATION. Ae uted herein: 


1. Life support devices or systems are devices or 
systems which, (a) are intended tor surgioai implant 
into me body, or (b) support or sustain life, and whose 
faJurs to perform, when property used In accordance 
with instructions tor use provided in the labeling, can 
be reasonably expected to result in a significant injury 
to the user. 


2. A critical corwnent is any component of a life 
support device or system whose failure to perform osn 
be reasonably expected to cause the tatture of the ife 
support device or system, or to affect its saftty or 
stfectveness. 


* 


Corporation 
1(11 WootSar* toe 
Ahr^fcn TX 79017 
TS: 1(900) 2724S68 
He 1#00) 7*7-7011 


lurost 

fwc (+48) 0-1*04*0 M M 
Emofc crfwo»StMm2.nscoasi 
Ctautxr T* f+4^ 0 - 1 KV 6 »»« 
fr&t Td: (-MS) 019W*2 79 92 
Rv*da Tot (+40) 0-100-892 8* Bf 
MM TtL (-MS) 0-1*0494 IS B0 


Hw»« Kans u± 

1*i floor. States 9M. 
Oosan Case, 9 Canon Rd 
Tsmanarnt Kowoon 
Hon® (Cons 
T* <K2) 27*7-1900 
F*e (B*« S79S-SB10 


Tot 91-043-20W900 
Fax n -043.SW4QI 










SEMICONDUCTOR 


August 1995 


Features 

• 3 Micron Radiation Hardened SOS CMOS 

• Total Dose 200K RAD (Si) 

• SEP Effective LET No Upsets: >100 MEV-cm 2 /mg 

■ Single Event Upset (SEU) Immunity < 2 x 10'* Errors/ 
Bit-Day (Typ) 

• Dose Rate Sunrivability: >1 x 10 12 RAD (Si)/s 

• Latch-Up Free Under Any Conditions 

■ Fanout (Over Temperature Rang©) 

- Standard Outputs • 10 LSTTL Loads 

• Military Temperature Range: «55°C to +12S°C 

• Significant Power Reduction Compared to LSTTL ICs 

• DC Operating Voltage Range: 4.5V to 5.5V 

• Input Logic Levels 

. VIL = 0.3 VCC Max 

- V1H = 0.7 VCC Min 

• Input Current Levels II <; 5pA at VOL VOH 

Description 

The Harris HCS138MS is a Radiation Hardened 3-to-8 line 
Decoder/Demutiplexer. The outputs are active in the low 
state. Two active low and one active high enables (El, E2, 
E3) are provided. If the device is enabled, the binary inputs 
(A0, A1, A2) determine which one of the eight normally high 
outputs will go to a low logic level. 

The HCS138MS utilzes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 

The HCS138MS is supplied in a 16 lead Ceramic flatpack 
(K suffix) or a SBDIP Package (D suffix). 


Ordering Information 


HCS138MS 

Radiation Hardened Inverting 
3-to-8 Line Decoder/Demultiplexer 


Pinouts 


IS LEAD CERAMIC OUAL-M-LINE 
METAL SEAL PACKAGE (SBDIP) 
MIL-STD-1835 CDIP2-T16 
TOP VIEW 

ao [T U is] vcc 
Ai [r is| Vo 

A2 |T |3^i 

CT [T 53 

0|T «| V5 

Eld 23 Yi 

77 [7 53 Yi 

GND [7 3 Yi 


IS LEAD CERAMIC METAL SEAL 
FLATPACK PACKAGE (FLATPACK) 
MIL-STD-1835 CDFP4-F16 
TOP VIEW 


1 • 

IS 

2 

18 

3 

14 

4 

13 

6 

12 

• 

11 

7 

10 



PART NUMBER 

TEMPERATURE RANGE 

SCREENING LEVEL 

HCS138DMSR 

-55°C to +125°C 

Harris Class S Equfcalent 

HCS138KMSR 

-55°C to *1 25°C 

Harris Class 5 Equivalent 

HCS13BD/Sampie 

+25°C 

Sample 

HCS138K/Sampte 

+25°C 

Sample 

HCS138HMSR 

+25°C 

Die 


PACKAGE 


16 Lead SBDIP 


16 Lead Ceramic Flatpack 


16 Lead SBDIP 


16 Lead Ceramic Flatpack 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
Cop>nght C Harris Corporation 1995 - 


Spec Number 518751 
File Number 2473.2 
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Specifications HCS138MS 


Absolute Maximum Ratings 


Supply Voltage (VCC).-0.5V to + 7.0V 

Inpul Voltage Range, Al Inputs.-0,5V to VCC +0.5V 

DC Input Current. Any One Input.ilOmA 

DC Drain Curort Any One Output..±25mA 

(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG).-65°C to +150°C 

Lead Temperature (Soldering 10sec).+265°C 

Junction Temperature (TJ).+175°C 

ESD Classification.Class 1 


Reliability Information 

Thermal Resistance 0ja Qjc 

SBDIP Package. 73*C/W 24°C/W 

Ceramic Flatpack Package. 114°C/W 29°C7W 

Maximim Package Power Dissipation at +125°C Ambient 

SBDIP Package.0.68W 

Ceramic Flatpack Package.0.44W 

if device power exceeds package dtesipation capablty, provide heal 
sinking or derate I nearly at the fo lowing rate: 

SBDIP Package.13.7mW/°C 

Ceramic Flatpack Package.8.amW/°C 


CAUTION: As with tB semiconductors, stress Ssted under ’Absoium Maxim urn Ratings’ mey be apptied to dmnces (one at a me) without resulting in permanent 
damage. Thais* stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device raSetmy. The conditions tisted 
under'Electric el Performance Characteristics’ an the oniy cormons recommended for satisfactory device operation . 


Operating Conditions 

Supply Vbltage.+4.5Vto +5.5V Input Low Voltage (VIL).O.OVto 30% of VCC 

Input Rise and Fall Times at VCC • 4.5V (TR, TF).SOOnsMax Input High Voltage (VIH). 70% of VCC to VCC 

Operating Temperature Range (T*).-55°C to ♦125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

(NOTE 1) 
CONDITIONS 

GROUP 

A SUB¬ 
GROUPS 

TEMPERATURE 

LIMITS 

UNITS 

■■ 

MAX 

Quiescent Current 

ICC 

VCC - 5.5V, 

V1N-VCC or GND 

1 

+25°C 

- 

40 

UA 

2,3 

+125°C, -55°C 

- 

750 

mA 

Output Current 

(Sink) 

IOL 

VCC - 4.5V, VIH - 4.SV, 
VOUT-0.4V, VIL -ov 

1 

»25°C 

■a 

• 

mA 

2,3 

♦125°C, -55°C 

6.0 

- 

mA 

Output Current 
(Source) 

IOH 

VCC « 4.5V. VIH - 4.5V, 
VOUT - VCC -0.4V, 
VIL-0V 

1 

*25°C 

um 

- 

mA 

2,3 

+125°C, -55°C 

-6.0 

- 

mA 

Output Voltage Low 

VOL 

VCC-4.5V, VIH - 3.15 V, 
IOL - 50jiA, VIL ■ 1.35V 

1,2, 3 

+25°C, +125°C, -55°C 

■ 

0.1 

■ 

VCC - 5.5V, VIH - 3.85V, 
IOL -50mA, VIL - 1.65V 

1,2,3 

+25°C, +125°C. -55°C 

■ 

0.1 

■ 

Output Voltage High 

VOH 

VCC - 4.5V, VIH - 3.15V, 
IOH - -SOjiA. VIL - 1.35V 

1,2,3 

+25°C, +125°C, -55°C 

VCC 

-0.1 

■ 

■ 

VCC - 5.5V, VIH - 3.85V, 
IOH - -SOflA, VIL - 1.65V 

1,2,3 

+25°C, +125°C. -55°C 

VCC 

-0.1 

“ 

■ 

Input Leakage 

Current 

UN 

VCC -5.5V, VIN - VCC Of 
GND 

1 

+25°C 

- 

±0.5 

pA 

2,3 

♦125°C. -55°C 

• 

±5.0 

pA 

Noise Immunity 
Functional Test 

FN 

VCC-4.5V, 

VIH « 0.70(VCC), 

VIL - 0.30(VCC) (Note 2) 

7. 8A, 86 

+25°C, +125°C, -55°C 





NOTES: 


1. All voltages reference to device GND. 

2. For functional tests VO * 4.0V is recognized as a logic *T\ and VO 5 0.5V is recognized as a logic XT. 
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Specifications HCS138MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 


GROUP 
A SUB¬ 


PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 


Address to Output I TPLH I VCC - 4.5V 


TPHL VCC ■ 4.5V 


Enable to Output TPLH VCC - 4.5V 


TPHL VCC-4.5V 


NOTES: 

1. All voltages referenced to device GND. 

2. AC measurements assume RL - 500XX CL - 50pF, Input TR - TF - 3ns. VIL - GND, VIH - VCC. 

TABLE X ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Capacitance Power 

Dissipation 


SYMBOL CONDITIONS 


CPD VCC - 5.0V f-1MHz 


Input Capacitance 

CIN 

VCC- 5.0V. f-IMHl 

Output Transition 

Time 

TTHL 

TTLH 

VCC-4.5V 


NOTES 


1 


1 


1l 


1 


1 


TEMPERATURE 


+25°C 


+125°C 


+25°C 


♦125°C 


♦25°C 


+125°C 


LIMITS 

MAX UNITS 


28 I re 


34 ns 


28 ns 



LIMITS 

MAX UNTTS 


78 



1. The parameters Isled In Table 3 are controled via design or process parameters. Min and Max Limfcs are guaranteed bU not directly 
tested. These parameters are characterized upon inttal design release and upon design changes which affect these characteristics. 


TABLE 4 . DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

(NOTES 1. 2) 

CONDITIONS 

TEMPERATURE 

Quiescent Current 

ICC 

VCC - 5.5V, VIN - VCC or GND 

+25°C 

Output Current (Sink) 

IOL 

VCC - 4.5V, VIN - VCC or GND. 
vout - o.4V 

+25°C 

Output Current 
(Source) 

IOH 

VCC - 4.5V. VIN - VCC or GND, 

VOUT - VCC -0.4V 

+25°C 


200KRAD 

LIMITS 


MAX UNITS 


0.75 mA 
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Specifications HCS138MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


200KRAD 

UMTTS 


PARAMETER 

SYMBOL 

(NOTES 1, 2) 

CONDITIONS 

TEMPERATURE 

Output Voltage Low 

VOL 

VCC - 4.5V and 5.5V, VIH - 0.70(VCC), 
VIL-0.30(VCC), IOL-50nA 

+25°C 

Output Voltage High 

VOH 

VCC - 4.5V and 5.5V, VIH . 0.70(VCC), 

VI L - 0.30(VCC), IOH - -50pA 

+25°C 

Input Leakage Current 

UN 

VCC - 5.5V, V1N - VCC or GND 

+25°C 

Noise knmurity 
Functional Test 

FN 

VCC - 4.5V, VIH • 0 . 70 (vcq, 
Vll-0.30(VCC), (Note 3) 

+25°C 

Address id Output 

TPLH 

VCC - 4.5V 

+25°C 


TPHL 

VCC - 4.5V 

+25*^ 

Enable to Output 

TPLH 

VCC-4.5V 

+25°C 


TPHL 

VCC - 4.5V 

♦2S°C 


NOTES: 

1. All voltages referenced to device GND. 

2. AC measurements assume RL - 5000, CL - 50pF, Input TR * TF » 3ns, V1L - GND. VIH - VCC. 

3. For functional tests VO 2 4.0V Is recognized as a logic *T. and VOS0.5V Is recognized as a logic TT 


TABLE S. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


PARAMETER 

GROUPB 
SUBGROUP 

DELTA LIMIT 

ICC 

5 

12jiA 

IOUKOH 

5 

-15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS 


Initial Test (Prebum-In) 


Interim Test I (Postbum-In) 


Interim Test 0 (Postbum-In) 


PDA 


Interim Test in (Postbum-In) 


PDA 


Final Test 


Group A (Note 1) 


Group B Subgroup B-5 

Subgroup B-6 


READ AND RECORD 


ICC, IOL/H 


ICC. IOL/H 


ICC, IOL/H 


ICC, IOL/H 


METHOD GROUP A SUBGROUPS 


100%/5004 1,7,9 


100%/5004 1,7.9 


100%/5004 1.7,9 


100%/5004 1, 7. 9, Deltas 


100%/5004 1, 7,9 


100%/5004 1,7,9, Deltas 


100%/5004 2, 3. 0A, 8B. 10, 11 


Sample/5005 1, 2, 3, 7, 8A, 8B, 9,10,11 


Sample/5005 1, 2, 3, 7. 8A, 8B, 9,10,11, Deltas | Subgroups 1, 2, 3,9,10,11 


Sample/5005 1, 7, 9 


Sample/5005 1,7,9 


Group D 


NOTE: 

1. Alternate group A Inspection in accordance with method 5005 of MIL-STD-883 may be exercised 
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Specifications HCS138MS 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE 

GROUPS 

METHOD 

TEST 

READ AN C 

RECORD 

PRE RAD 

POST RAD 

PRE RAD 

POST RAD 

Group E Subgroup 2 

5005 

1,7,9 

Table 4 

T9 

Table 4 (Note 1) 


IL/ I 

1. Except FN test which wil be performed 100% G<VNo-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OPEN 

GROUND 

1/2 VCC ■ 3V± 0.5V 

VCC ■ 5V10.5V 

OSCILLATOR 

50kHz 

25kHz 

STATIC BURN-IN 1TE 

1ST CONNECTIONS (N 

local) 

7,9-15 

1 -6,8 


16 



STATIC BURN-IN II TEST CONNECTIONS (Note 1) 

7,9-15 

8 

- 

1 -6, 16 

- 

- 

DYNAMIC BURN-IN TEST CONNECTIONS (No® 2) 


4, 5,8 

7,9-15 

3, 6, 16 

2 

’ _l 


NOTES: 

1. Each pin except VCC and GND wil have a resistor of 10KCl ± 5% for static bum-in 

2. Each phi except VCC and GND wil have a resistor of 6800 ± 5% for dynamic bum-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


OPEN 

GROUND 

VCC - 5V + 0 5V 

7,9-15 

8 

1 -6,16 


NOTE : Each pin except VCC and GND wil have a resistor of 47KO ± 5% for irradiation tasting. 
Group E, Subgroup 2, sample size is 4 dice/Wafer 0 failures. 
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HCS138MS 


Harris Space Lewi Product Flow - 'MS' 

Wafer Lot Acceptance (All Lots) Method 5007 
(Includes SEM) 

GAMMA Radiation Verification (Each Wafer) Method 1019, 

4 Samples/Wafer, 0 Rejects 
100% Nondestructive Bond Pull, Method 2023 
Sample - Wire Bond Pull Monitor, Method 2011 
Sample - Die Shear Monitor, Method 2019 or 2027 
100% Internal Visual Inspection, Method 2010, Condition A 

100% Temperature Cyde, Method 1010, Condition C, 

10 Cycles 

100% Constant Acceleration, Method 2001, Condition per 
Method 5004 

100% PIND, Method 2020, Condition A 
100% External Visual 
100% Serialization 
100% Initial Electrical Test (TO) 

100% Static Bum-In 1, Condition A a B, 24 hrs. min., 
+125°C min., Method 1015 


100% Interim Electrical Test 1 (T1) 

100% Delta Calculation (T0-T1) 

100% Static Bum-In 2, Condition A or B, 24 hrs. min., 
+125°C min., Method 1015 

100% Interim Electrical Test 2 (T2) 

100% Delta Calculation (T0-T2) 

100% PDA 1, Method 5004 (Notes land 2) 

100% Dynamic Bum-In, Condition D, 240 hrs., +125°C or 
Equivalent, Method 1015 
100% Interim Electrical Test 3 (T3) 

100% Delta Calculation (T0-T3) 

100% PDA 2. Method 5004 (Note 2) 

100% Final Electrical Test 

100% Fine/Gross Leak. Method 1014 

100% Radiographic, Method 2012 (Note 3) 

100% External Visual. Method 2009 
Sample - Group A. Method 5005 (Note 4) 

100% Data Package Generation (Note 5) 


NOTES: 

1. Failures from Interim electrical test 1 and 2 are combined for determining PDA 1. 

2. Failures from subgroup 1.7.9 and dotes are used for calculating PDA. The maximum alowable PDA - 5% with no more than 3% of the 
felures from subgroup 7. 

3. Radiographic (X-Ray) Inspection may be performed at any point after serialzadon as a lowed by Method 5004. 

4. Alternate Group A testing may be performed as a lowed by MIL-STD-883, Method 5005. 

5. Data Package Contents: 

• Cover Sheet (Harris Name and/or Logo, P.O. Number, Customer Part Number, Lot Date Code, Harris Part Number, Lot Number, Quantty). 

• Wafer Lot Acceptance Report (Method S007). Includes reproductions of SEM photos with percent of step coverage. 

• GAMMA Radiation Report. Contains Cover page, disposition, Rad Dose, Lot Number, Test Package used. Specification Numbers, Tea 
equipment, etc. RadtoUon Read and Record data on fie at Harris. 

• X-Ray report and flm. Indudes penetrometer measurements. 

• Screening, Electrical, and Group A attributes (Screening attributes begin after package seal). 

• Lot Serial Number Sheet (Good units serial number and kx number). 

• Variables Data (Al Delta operations). Data Is identified by serial number. Data header indudes lot number and date of test 

• The Certificate of Conformance b a part of the shipping invoice and b not part of the Data Book. The Certificate of Conformance b signed 
by an authorized Qualty Representative. 
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Features 

• 3 Micron Radiation Hardened SOS CMOS 

• Total Dose 200K RAO (Si) 

• SEP Effective LET No Upsets: >100 MEV-cm z /mg 

• Single Event Upset (SEU) Immunity < 2 x 10 9 Errors/Bit- 

Day (Typ) 

• Dose Rate Survivability: >1 x 10 1Z RAD (Si)/s 

• Dose Rate Upset >10 10 RAD (Si)/s 20ns Pulse 

• Latch-Up Free Under Any Conditions 

• Fanout (Over Temperature Range) 

• Bus Driver Outputs - IS LSTTL Loads 

• Military Temperature Range: -SS°C to +12S°C 

• Significant Power Reduction Compared to LSTTL ICs 

• DC Operating Voltage Range: 4.5V to 5.5V 
■ Input Logic Levels 

- VIL = 0.3 VCC Max 

- VIH = 0.7 VCC Min 

• Input Current Levels li S 5pA at VOL VOH 

Description 

The Haris HCS573MS is a Radiation Hardened octal transpar¬ 
ent three-state latch with an active low output enable. The 
HCSS73MS utilizes advanced CMOS/SOS technology. The 
outputs are transparent to the inputs when the Latch Enable (LE) 
is HIGH. When the Latch Enable (LE) goes LOW, the data is 
latched. The Output EnabieJOE) controls the tri-state outputs 
When the Output Enable (OE) is HIGH, the outputs are in the 
high Impedance state. The latch operation is independent of the 
state of the Output Enable. 

The HCS573MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device Is a member of 
radiation hardened, high-speed. CMOS/SOS Logic Family. 

The HCS573MS is supplied in a 20 lead Ceramic flatpack 
(K suffix) or a SBDIP Package (D suffix). 


Ordering information 


PART NUMBER 


HCS573DMSR 


HCS573KMSR 


HCS573D/Sample 


HCS573K/Sampte 


HCS573HMSR 


Pinouts 

20 LEAD CERAMIC DUAL-IN-UN E 
METAL SEAL PACKAGE (SBDIP) 
MIL-STD-1835 CDIP2-T20, LEAD FINISH C 
TOP VIEW 



D7 [9 

gmoFc 


20 LEAD CERAMIC METAL SEAL 
FLATPACK PACKAGE (FLATPACK) 
MIL-STD-1B35 CDFP4-F20, LEAD FINISH C 
TOP VIEW 



TEMPERATURE RANGE 

SCREENING LEVEL 

-55°CtO +125°C 

Harris Class S Equivalent 

-55°CtO +125°C 

Harris Class S Equwalent 

+25°C 

Sample 

+2S°C 

Sample 

+25°C 

Die 


PACKAGE 


20 Load SBDIP 


20 Lead Ceramic Flatpack 


20 Lead SBDIP 


20 Lead Ceramic Flatpack 


CAUTION: These devices are sensitive to electrostatic discharge. Users should folio# prooer I.C. Handling Procedures. 
Copyright © Hants Corporation 1995 * 
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Absolute Maximum Ratings 


Specifications HCS573MS 


Reliability Information 


Supply Voltage (VCC).-0.5V to .7.0V Thermal Resistance 6* Jjc 

Ircut VWtaae Range, Al Inputs.-0.5V to VCC +0.5V SBDIP Package. 72“CAW 24 OW 

DC Input Current Any One Input.ilOmA Cerarrie FlaKpack F^ckage . •••••••• - 2tPCNt 

DC Drain Current Any One Output..±25mA Maximum Package Power Dissipation at + 125°C Ambler* 

(All Voltage Reference to the VSS Terminal) SBDIP Package^ .. ..° ® 

Storage Temperature Range (TSTG).-65°C to +150°C Ceramic Flacpack Package ••••••••••• .. • ... • • 

LeadTemperature (SoWerttg lOsec).+265°C If device power exceeds package dssipatlon capablty. provide heat 

junction Temperature <TJ>.+™°C ainkir* or derate ineariy at the folowing rate: 

ESD Classification.Class 1 SBDIP Package, .13.9mW£C 

CAUTION: As with aS semiconductors, stress istad under 'UsoAM Maximum Ratings' may be apotmd to devices (on* at a am*) without resuiting In permanent 
damage. This is e stress remg only. Exposure to absolute maximum rating conditions tor extended periods may affect device refabbty. The conditions listed 
under "Electrical Performance Characteristics' an the only conditions recommended for ssfefecfoiy device qparadon.._ 


Operating Conditions 

SudoIv Vbltaoe (VCC).+4.5V©+5.5V Input Low Voltage (VIL).O.OVto30%ofVCC 

Input Rise and Fall Times at VCC- 4.5V (TR,TF).SOftisMax Inpu High Vokage (VIH). 70 % of VCC ©VCC 

Operating Temperature Range Oa) .*SS°C to ♦12S°C _ 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Quiescent Current 


Output Currant 

(Sink) 


Output Current 
(Source) 


Output Voltage Low 


Output Voltage High 


Inpu Leakage 
Current 


Output Leakage 
Current 


Noise immunity 

Functional Test 


SYMBOL 


ICC 









(NOTE 1) 
CONDITIONS 


VCC - 5.5V, 
VIN-VCCorGND 


VCC - 4.5V, VIH - 4.5V, 
VOUT-0.4V, VIL-0V 


VCC - 4.5V, VIH - 4.5V, 
voirr * vcc -o.4V, 
VIL-OV 


VCC - 4.5V, VIH - 3.15V, 
IOL - 50mA, VIL-1.35V 


VCC - 5.5V. VIH - 3.85V, 
IOL- 50^A, VIL - 1.65V 


VCC-4.5V, VIH-3.15V, 
IOH - -50mA. VIL - 1.35V 


VCC - 5.5V, VIH - 3.85V, 
IOH - -SOmA VIL - 1.65V 


VCC - 5.5V. VIN - VCC Of 
GND 


VCC-5.5V. VIN-0V or 
VCC 


VCC-4.5V, 

VIH - 0.70(VCC), 

VIL - 0.30(VCC) (Note 2) 


GROUP 
A SUB¬ 
GROUPS 


TEMPERATURE 


1 

+25°C 

2,3 

+125°C. -55°C 

1 

-25°C 

2,3 

+125°C. -55°C 

1 

+25°C 

2,3 

+125°C. -55°C 

1,2,3 

+25°C, +125°C, -55°C 

1,2.3 

+25°C, +125°C. -55°C 

1,2,3 

♦2S°C, +125°C, -55°C 

1,2,3 

+25°C, +125°C, .S5°C 

1 ! 

+25°C 

2,3 

+125°C, -55°C 

1 

+25°C 

2,3 

+125°C. -55°C 

7, 8A, SB 

.25°C, *125°C, -55°C 


LIMITS 

MAX UNTTS 


40 




±0.5 

pA 

±5.0 

PA 

±1.0 

MA 

±50 

mA 



1. All voltages reference to device GND. 

2. For functional tests VO * 4.0V Is recognized as a logic *1', and VO s 0.5V Is recognized as a logic V. 
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Specifications HCS573MS 


TABLE Z AC ELECTRICAL PERFORMANCE CHARACTERISTICS 




(NOTES 1, 2) 
CONDITIONS 

GROUP 

A SUB¬ 
GROUPS 


UMITS 


PARAMETER 

SYMBOL 

TEMPERATURE 


MAX 

UMTS 

Data to On 

TPLH 

TPHL 

VCC ■ 4.5V 

9 

+25°C 

2 

24 

ns 



10,11 

+125°C, -55°C 

2 

29 

ns 

LE to On 

TPLH 

VCC - 4.5V 

9 

+25°C 

2 

27 

ns 




10,11 

♦125°C, .5S°C 

2 

35 

ns 


TPHL 

VCC - 4.5V 

9 

♦25°C 

2 

31 

ns 




10,11 

4l25°C. -55°C 

2 

40 

ns 

Enable to Output 

TPZL 

VCC-4.5V 

9 

♦2S°C 

2 

27 

ns 




10,11 

+125°C, -55°C 

2 

33 

ns 


TPZH 

VCC - 4.5V 

9 

♦25°C 

2 

24 

ns 




10,11 

♦125°C, -55 0 C 

2 

29 

ns 

Disable to Output 

TPLZ 

VCC - 4.5V 

9 

+25°C 

2 

25 

ns 




10,11 

+125°C. -55°C 

2 

29 

ns 


TPHZ 

VCC-4.5V 

9 

+2S°C 

2 

21 

ns 




10,11 

♦125°C. -55°C 

2 

25 

ns 


NOTES: 

1. All voltages referenced to device GND. 

2. AC measurements assume RL - 5000, CL - 50pF, Input TR - TF - 3ns. VIL - GND, VIH - VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

Capacitance Power 
Dissipation 

CPD 

Input Capacitance 

CIN 

Output Transition 

Time 

TTHL 

TTLH 

Setup Time Data to 

LE 

TSU 

Hold Time Data to 

LE 

TH 

PUse Width LE 

TW 



1. The parameters Isted in Table 3 are con trotted via design or process parameters. Min and Max Limits are guaranteed bu not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 











































































































































































Specifications HCS573MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 



SYMBOL 


ICC 


IOL 



(NOTES T 2) 
CONDITIONS 


VCC - 5.5V, V1N - VCC or GND 


VCC - 4.5V, VIN - VCC or GND, 
VOUT-0.4V 


VCC-4.5V, VIN-VCC or GND, 
VOUT- VCC -0.4V 


VCC - 4.5V or 5.5V, V1H - 0.70(VCC), 
VIL-0.30(VCC), IOL-5QpA 


VCC - 4.5V or 5.5V, V1H - 0.70(VCC), 
VIL - 0.30(VCC), IOH - -50*iA 


VCC-5.5V, VIN-VCC or GND 


Applied Voltage - 0V or VCC, VCC - 5.5V 


TEMPERATURE MIN 


+25°C 



VCC - 4.5V, V1H - 0.70(VCC), 
VIL - 0.30(VCC), (Note 3) 


PARAMETER 


Quiescent Current 


Output Current (Sink) 


Output Current 
(Source) 


Output Voltage Low 


Output Voltage High 


Input Leakage Current 


Tri-State Output 
Leakage Cumant 


Nob© Immunity 
Functional Test 


Data to Qn 


LENtoQn 


Enable to Output 


Disable to Output 


NOTES: 

1. All voltages referenced to device GND. 

2. AC measurements assume RL - 500& CL - 50pF. Inptf TR - TF - 3ns, VIL - GND, VIH - VCC. 

3. For functional tests VO 2 4.0V is recognized as a logic 'I - , and VOS0.5V is recognized as a logic *0' 

TABLE 5. BURN-IN AND OPERATING UFE TEST, DELTA PARAMETERS (+25°C) 


MAX I UNITS 


TPHL VCC - 4.5V 
TPLH 


VCC - 4.5V 


TPHL VCC-4.5V 


VCC-4.5V 


TPZH VCC-4.5V 


VCC-4.5V 


TPHZ I VCC-4.5V 



PARAMETER 

GROUP B 
SUBGROUP 

DELTA LIMIT 

ICC 

5 

12)iA 

IOUIOH 

5 

-15%ofOHour 

lOZL/IOZH 

5 

±200nA 


±5 

pA 

±50 

mA 

■ 

■ 

29 

ns 

35 

ns 

40 

ns 

33 

ns 

29 

ns 

29 

ns 

25 

ns 
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Specifications HCSS73MS 


TABLE 6. APPLICABLE SUBGROUPS 


METHOD 

GROUP A SUBGROUPS 

100%/5004 

1, 7,9 

100%/5004 

1,7.9 

100%/5004 

1. 7,9 

100%/5004 

1, 7.9, Deltas 

100%/5004 

1, 7,9 

100%/5004 

1, 7, 9, Defcas 

1009W5004 

2,3, BA. 8B, 10,11 

Sample/5005 

1,2. 3, 7.8A, SB. 9.10.11 

Sample/5005 

1, 2. 3,7, 8A, SB, 9,10,11, Deltas 

Sampie/5005 

1,7,9 

Sample/5005 

1. 7,9 


CONFORMANCE GROUPS 


Initial Test (Prebum-In) 


Interim Test! (Postbum-In) 


Interim Test D (Postbum-ln) 


PDA 


Interim Test IH (Postbum-ln) 


PDA 


Final Test 


Group A (Note 1) 


Group B Subgroup B*5 

Subgroup B-6 


Group D 


NOTES: 

1. Alternate Group A testing In accordance with method 5005 of MIL-STD-8B3 may be exerdsed. 

2. Table 5 parameters only. 


READ AND RECORD 


ICC, IOL/H 


ICC, IOUH 


ICC, IOL/H 



TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE 

GROUPS 


Group E Subgroup 2 


NOTE: 

1. Except FN test which wll be performed 100% Go/No-Go 



TEST 

READ AND RECORD 

METHOD 

PRE RAD 

POST RAD 

PRE RAD 

POST RAD 

5005 

1,7,9 

Table 4 

1,9 

Table 4 (Note 1) 



TABLE 9. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


GROUND 1/2 VCC-3V± 0.5V VCC- 6V±0.5V 


OSCILLATOR 


STATIC BURN-IN I TEST CONNECTIONS (Note 1) 


STATIC BURN-IN II TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 



NOTES: 

1. Each pin except VCC and GND wil have a resistor of 10kn ± 5% for static bum-in 

2. Each pin except VCC and GND wll have a resistor of 6800 ± 5% for dynamic bum-in 



TABLE 9. IRRADIATION TEST CONNECTIONS 


GROUND VCC » 5V ± 0.5V 


10 1 - 9,11, 20 



NOTE: Each pin except VCC and GND wll have a resistor of 47KO ± 5% for irradiation testing. 
Group E, Subgroup 2, sample size ta 4 dk»/Wafer 0 failures. 
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HCS573MS 


Harris Space Level Product Flow ■ 'MS' 

Wafer Lot Acceptance (All Lots) Method 5007 
(Includes SEM) 

GAMMA Radiation Verification (Each Wafer) Method 1019, 

4 Samples/Wafer, 0 Rejects 
100% Nondestructive Bond Pull, Method 2023 
San pie - Wire Bond Pull Monitor, Method 2011 
Sample • Die Shear Monitor, Method 2019 or 2027 
100% Internal Visual Inspection, Method 2010, Condition A 
100% Temperature Cycle, Method 1010, Condition C, 

10 Cycles 

100% Constant Acceleration, Method 2001, Condition per 
Method 5004 

100% PIND, Method 2020, Condition A 
100% External Visual 
100% Serialization 
100% Initial Electrical Test (TO) 

100% Static Bum-In 1, Condition A or B, 24 hrs. min., 
+125°C min., Method 1015 


100% Interim Electrical Test 1 (T1) 

100% Delta Calculation (T0-T1) 

100% Static Bun-In 2, Condition A or B, 24 hrs. min., 
+125°C min.. Method 1015 
100% Interim Electrical Test 2 (T2) 

100% Delta Calculation (T0-T2) 

100% PDA 1, Method 5004 (Notes land 2) 

100% Dynamic Bum-In, Condition D, 240 hrs., +125°C or 
Equivalent, Method 1015 
100% Interim Electrical Test 3 (T3) 

100% Delta Calculation (T0-T3) 

100% PDA 2, Method 5004 (Note 2) 

100% Final Electrical Test 

100% Flne/Gross Leak, Method 1014 

100% Radiographic, Method 2012 (Note 3) 

100% External Visual, Method 2009 
Sample - Group A, Method 5005 (Note 4) 

100% Data Package Generation (Note 5) 


NOTES: 

1 . Failures from Interim electrical test 1 and 2 are combined for detemiinlng PDA 1. 

2. Failures from subgroup 1,7.9 read deltas are used for calculating PDA. The maximum alowable PDA - 5% with no more than 3% of the 
falties from subgroup 7. 

3. Radiographic (X-Ray) Inspection may be performed « any poire after seriaizreion as slowed by Method 5004. 

4. Alternate Group A testing may be performed as a lowed by MIL-STD-883, Method 5005. 

5. Data Package Contents: 

. Cover Sheet (Harris Name and/or Logo, P.O. Number, Customer Part Number, Lot Date Code. Harris Part Number. Lot Number, Quantity). 
. wafer Lot Acceptance Report (Method S007). Includes reproductions of SEM photos with percent of step coverage. 

• GAMMA Radiation Report Contains Cover page, disposition. Rad Dose, Lot Number, Teat Package used, Specification Umbers, Test 
equipment eto. Reflation Read and Record data on fie at Harris. 

• X-Ray report and fflm. Indudes penetrometer measurements. 

• Screening, Electrical, and Group A attributes (Screening attributes begin after package seal). 

• Lot Serial Nunt>er Sheet (Good units serial rember and kx number). 

• Variables Data (Al Delta operations). Data is identified by serial number. Data header indudes kx number and date of test 

• The Certificate of Conformance b a part of the shipping Invoice and b not parr of the Data Book. The Certificree of Conformance b signed 
by an authorized Qualty Representative. 
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HCSS73MS 


Three-State Low Timing Diagram 


VH 

a 

VO2. 

VOL 



VS 


mput 




TPZL 


TPLZ 


VT^ ^ OUTPUT 


THREE-STATE LOW VOLTAGE LEVELS 


PARAMETER 

HCS 

UNITS 

VCC 

4.50 

V 

VJH 

4.50 

V 

VS 

2.25 

V 

VT 

2.25 

V 

VW 

0.90 

V 

GND 

0 

V 


i 


Three-State HighTiming Diagram 


Three-State Low Load Circuit 

vcc 


DOT 


CL-WpF 

RL-won 


RL 


TEST 

POINT 


CL 



Three-State High Load Circuit 

DOT 



TEST 

POINT 


THREE-STATE HIGH VOLTAGE LEVELS 


PARAMETER 

HCS 

UNITS 

VCC 

4.50 

V 

VIH 

4.50 

V 

VS 

2.25 

V 

VT 

2.25 

V 

VW 

3.60 

V 
















HCS573MS 


Die Characteristics 

DIE DIMENSIONS: 

101 x 85 mils 

METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA± IkA 

GLASSIVATION: 

Type: SiC >2 

Thickness: 13kA ± 2,6kA 

WORST CASE CURRENT DENSITY: 

<2.0 x 10 5 A/cm 2 

BOND PAD SIZE: 
lOOjxmxIOO^m 
4x4 mils 

Metallization Mask Layout 

HCS573MS 


DC QE VCC QO 

0 (1) M <18) 
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SEMICONDUCTOR 


August! 995 


Features 

• 3 Micron Radiation Hardened CMOS SOS 

• Total Dose 200K RAO (Si) 

• SEP Effective LET No Upsets: >100 MEV-cm 2 /mg 

• Single Event Upset (SEU) Immunity < 2 x lO 4 Errors/ 
Bit-Day (Typ) 

• Dose Rate Survivability: >1 x 10 12 RAD (Si)/s 

• Dose Rate Upset >10 10 RAD (Si)/s 20ns Pulse 

• Latch-Up Free Under Any Conditions 

• Fanout (Over Temperature Range) 

- Bus Driver Outputs -15 LSTTL Loads 

• Military Temperature Range: -55°C to +125°C 

• Significant Power Reduction Compared to LSTTL ICs 

• DC Operating Voltage Range: 4.5V to 5.5V 

• LSTTL Input Compatibility 

- VIL = 0.8V Max 

- VIH = VCC/2 Wn 

• Input Current Levels li s 5pA at VOL, VOH 

Description 

The Harris HCTS541MS is a Radiation Hardened non- 
inverting octal buffer/line driver, three-state oKputs. The 
output enable pins (OEN1 and OEN2) control the three-state 
outputs. If either enable Is high the outputs will be In the high 
impedance state. For data output both enables (OEN1 and 
0EN2) must be low. 

The HCTSS41MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
rodation hardened, high-speed, CMOS/SOS Logic Family. 

The HCTS54 Is supplied In a 20 lead Ceramic flatpack 
(K suffix) or a SBDIP Package (D suffix). 


Ordering Information 


HCTS541MS 

Radiation Hardened Non-Inverting 
Octal Buffer/Line Driver, Three-State 


Pinouts 


20 LEAD CERAMIC DUAL-M-LINE 
METAL SEAL PACKAGE (SBDIP) 
MIL-STD-1835 CDIP2-T20 
TOP VIEW 



20 LEAD CERAMIC METAL SEAL 
FLATPACK PACKAGE (FLATPACK) 
MIL-STD-1835 CDFP4-F20 
TOP VIEW 


18 

20 

2 

19 

3 

19 

4 

17 

9 

16 

8 

15 

7 

14 

9 

13 

• 

12 

10 

11 


PART NUMBER 

TEMPERATURE RANGE 

HCTS541DMSR 

-55°Cto +125°C 

HCTS541KMSR 

-55°Cto +12S°C 

HCTS5 4 ID/Sample 

+25°C 

HCTS541K/Sample 

+25°C 

HCT5S41HMSR 

♦2S°C 


SCREENING LEVEL 


Harm Class S Equivalent 


Harris Class S Equwalent 


Sample 


Sample 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procechjres. 
Copyright © Harris Corporation 1895 * 


PACKAGE 


20 Lead SBDIP 


20 Lead Ceramic Flatpack 


20 Lead SBDIP 


20 Lead Ceramic Flatpack 


Spec Number 518630 
File Number 3073-1 






















HCTS541MS 


Functional Block Diagram 


0 £ 




H - High Voltage Level, L - Low Voltage Level, X - Immaterial, Z - High Impedance 




























Absolute Maximum Ratings 


Specifications HCTS541MS 


Reliability Information 


Supply \toltage(VCC).^).5to + 7.0V Thenrol Resistance J* ■« 

lmJLVDta«Raiae Allnouls .-0.5V to VCC+0.5V SBDIP Package. 72^GW 24 CW 

^nout&mwt^yOne^put.±10mA CeramicFlatpackPackage. 2aPcw 

DC Drain Current Any One Output..±25mA Maximum Package Power Dissipation at +125°C Ambieit 

(All Voltage Reference to the VSS Terminal) SBDI ^, P ?? ka9 !i'iill - .n 47W 

StoraoeTamperature Range (TSTG).-fiS^ to + 150°C Ceramic Flatpack Package.• .J iA ™ 

(Sdr^lOsac).*265 0 C If device power exceeds package dssipation capablty, pnwde heat 

junction Temperature (TJ). +175 ° c ,noar1y «*• fotOM ^ "* 13 ^j PC 

CAUTION: As with H ^mtcnduccn. sfss Bst* un*, Ab*c*m MAMum todngfn^r* 

temooti. This is a stress rating oniy. exposure to absolute maximum ratingconditions forextended periods may afte deetc* mtiabtay. Thecondmons 
under 'Electrical Performance Characteristics’ am the only conditions recom mended for satisfactory deuce operation _____ 

Operating Conditions 

Sunolv VWtaae (VCC) .+4.5Vto+5.5V Input Low Voltage (VIL). 

OfjStirSlSeratue Range (T*).-SS°C to *12S°C Inpu High \tokage (VIH).VCC/2 to VCC 

Irput Rise and Fell Times at 4.5V VCC (TR, TF).SOftwMax __ 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

(NOTE 1) 
CONDITIONS 

GROUP 

A SUB¬ 
GROUPS 

TEMPERATURE 

Quiescent Current 

ICC 

VCC - 5.5V, 

1 

♦25°C 



V1N - VCC or GND 

2/3 

+125°C. -55°C 

Output Currant 

IOL 

VCC - 4.SV, VIH « 4.SV, 

1 

♦25°C 

(Sink) 


VOUT " 0.4V/ VIL * UV 

2/3 

+125°C. -55°C 

Output Curonc 

IOH 

VCC - 4.5V, VIH - 4.5V, 
VOUT - VCC • 0.4V, 
VIL-0V 

1 

+25°C 

(Source) 


2,3 

+125°C. -55°C 

Output Voltage Lew 

VOL 

VCC - 4.5V, VIH - 2.25V, 
IOL - 50pA, VIL • 0.8V 

1,2,3 

+25°C, +125°C, -55°C 



VCC • 5.5V, VIH - 2.75V, 
IOL « SOpA, VIL - 0.8V 

1/2,3 

425°C, +125°C, -55°C 

Output Voltage High 

VOH 

VCC-4.5V, VIH-2.25V. 
IOH - -50pA. VIL - 0.8V 

1, 2. 3 

+25°C, +125°C, -55°C 



VCC . S.5V, VIH • 2.75V, 
IOH - -SOpA, VIL - 0.8V 

1,2,3 

+2S°C, ♦125°C. -55°C 

Input Leakage 

IIN 

VCC - 5.5V. VIN - VCC or 

1 

+25°C 

Current 


GND 

2,3 

•f12S°C, .55°C 

Three-State Output 

I0Z 

Applied Voltage - 0V or 
VCC. VCC - 5.5V 

1 

+25°C 

Leakage Current 


2,3 

+125°C. -55°C 

Noise Immunity 
Functional Test 

FN 

VCC - 4.SV, VIH - 2.25V, 
VIL - 0.8V (Note 2) 

7, 8A, 8B 

-,25°C, ♦12S°C, .55°C 

NOTES: 

1. All voltages referenced to device GND. 

2. For function^ tests, VO & 4.0V is recognized as a logic *1', and VO 50.5V is recognized as a logic *0". 




±0.5 

HA 

±5.0 

pA 

±1 

M 

±50 

mA 
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Specifications HCTS541MS 


TABLE Z AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

(NOTES 1. 2) 
CONDITIONS 

GROUP 

A SUB* 
GROUPS 

TEMPERATURE 

LIMITS 

UNITS 


MAX 

Data to Output 

TPHL, 

TPLH 

VCC - 4.5V 

9 

♦2S°C 

2 

20 

ns 


VCC - 4.5V 

10,11 

+1Z5°C. -55°C 

2 

22 

Hi 

Enable to Output 

TPZL 

VCC - 4.5V 

9 

+25°C 

2 

23 

ns 




10,11 

*125^C, -55°C 

2 

26 

ns 

TPZH 

VCC - 4.SV 

9 

*25°C 

2 

20 

ns 



10,11 

+125°C, -55°C 

2 

21 

ns 

Disable to Output 

TPLZ 

VCC - 4.5V 

9 

+25°C 

2 

22 

ns 




10,11 

+125°C. -55°C 

2 

23 

ns 

TPHZ 

VCC-4.5V 

9 

+25°C 

2 

21 

ns 



10,11 

♦125°C, -55°C 

2 

22 

ns 


NOTES: 

1. All voltages referenced to device GND. 

2. AC measurements assume RL - 500U CL - 50pF, Input TR-TF - 3ns, VIL - GND, V1H - 3V. 


PARAMETER 


Capacitance Power 
Dissipation 


input Capacitance 


Output Transition 
Time 


SYMBOL 


CPD 



TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


CONDITIONS 


VCC-5.0V,f-1MHz 


VCC ■ 5.0V, f ■ 1MHz 


TTHL, VCC -4.5V 
TTLH 


NOTES 

TEMPERATURE 

1 

+25°C 

1 

+125^, -55°C 

1 

♦2S°C 

1 

♦125°C 

1 

+2S°C 

1 

+125°C, -55°C 



MAX 

UNITS 

38 

pF 

60 

pF 

10 

pF 

10 

PF 

12 

ns 

18 

ns 


1. The parameters Ssted in Table 3 are contnoled via design or process parameters. Min and Max Limits are guaranteed bu not directly 
tested. These parameters ere characterized upon initial design release end upon design changes which affect these characteristics. 
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Specifications HCTS541MS 


TABLE 4 . DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

(NOTES 1, 2) 

CONDITIONS 

TEMPERATURE 

200K RAD 
LIMITS 

UMTS 

MIN 

MAX 

Quiescent Cunent 

ICC 

VCC - 5.5V, V1N - VCC or GND 

+25°C 

- 

0.75 

nV\ 

Output Current (Sink) 

IOL 

VCC - 4.SV, VIN - VCC or GND, 

VOITT - 0.4V 

+25°C 

6.0 

■ 

mA 

Output Current 
(Source) 

IOH 

VCC - 4.5V. VIN - VCC or GND, 

VOUT - VCC -0.4V 

+25°C 

H 

* 

nYV 

Output Vofcage L cm 

VOL 

VCC - 4.5Vor 5.5V, VIH » VCC/2, 

VIL - 0.8V, IOL-50HA 

+25°C 

■ 

0.1 

■ 

Output Voltage High 

VOH 

VCC - 4.5V or 5.5V, VIH - VC02, 

VIL • 0.8V, IOH • -50nA 

+25°C 

VCC 

-0.1 

■ 

■ 

Input Leakage Current 

UN 

VCC - 5.5V, VIN - VCC or GND 

+25°C 


±5 

mA 

Three-State Output 
Leakage Current 

IOZ 

Applied Voltage - OV or VCC, VCC - 5.5V 

+25°C 


±50 

mA 

No be Immunity 
Functional Test 

FN 

VCC-4.5V, VIH-2.25V, 

VIL-0.8V, (Non 3) 

+25°C 

“ 

■ 

■ 

Data to Output 

TPHL, 

TPLH 

VCC - 4.5V 

♦25°C 

2 

22 

ns 

Enable to Output 

TPZL 

VCC-4.5V 

♦25°C 

2 

26 

ns 

TPZH 

VCC - 4.5V 

+25°C 

2 

21 

ns 

Disable to Output 

TPLZ 

VCC-4.5V 

*25°C 

2 

23 

ns 

TPHZ 

VCC -4.5V 

+25°C 

2 

22 

ns 


NOTES: 

1. All voltages referenced to device GND. 

2. AC measurements assume RL - 500U CL - 50pF, InptK TR - TF - 3ns. V1L ■ GND, VIH - 3V. 

3. For functional tests VO i 4.0V b recognized as a logic *1\ and VO £ 0.5V b recognized as a logic *0*. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 



GROUP B 


PARAMETER 

SUBGROUP 

DELTA LIMIT 

ICC 

5 

12*iA 

IOL/IOH 

5 

-15% of 0 Hour 

IOZL7IOZH 

5 

±200nA 
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Specifications HCTS541MS 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS 

METHOD 

GROUP A SUBGROUPS 

Initial Test (Prebum-In) 

100%/5004 

1,7,9 

Interim Test! (Posttxjm-ln) 

100%/5004 

1,7,9 

Interim Test D (Postbum-In) 

100%/5004 

1, 7,9 

PDA 

100%/5004 

1. 7.9. Deltas 

Interim Test IH (Postbum-In) 

100%/5004 

1. 7,9 

PDA 

100%/5004 

1, 7, 9, Deltas 

Final Test 

100%/5004 

2. 3. BA. BB, 10.11 

Group A (Note 1) 

Sample/5005 

1. 2, 3, 7, 8A, 88, 9,10,11 

Group B 

Subgroup B-5 

Sample/5005 

1, 2, 3, 7. BA, 8B, 9,10,11, Deltas 


Subgroup B-6 

Sampta/5005 

1,7,9 

Group D 

Sample/5005 

1, 7,9 


READ AND RECORD 


ICC, IOL/H, IOZL/H 


ICC, IOL/H, IOZL/H 


ICC, IOL/H, IOZL/H 



NOTE: 1. Alternated Group A Inspection In accordance wkh Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST 


READ AND RECORD 


CONFORMANCE 

GROUPS METHOD 


Group E Subgroup 2 5005 


PRE RAD 


1,7,8 


POST RAD 


Table 4 


PRE RAD 


1,9 


POST RAD 


Table 4 (Nocel) 


NOTE: 1. Except FN test which wil be performed 100% Go/No-Go. 

TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 



STATIC BURN-IN I TEST CONNECTIONS (Note 1) 



STATIC BURN-IN II TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


10 

11-18 

20 

1,19 


NOTES: 

1. Each pin except VCC and GND wll have a resistor of 10kQ ± 5% for static bum-in 

2. Each pin except VCC and GND wll have a resistor of 6800 ± 5% for dynamic bum-in 


I 


TABLE 9. IRRADIATION TEST CONNECTIONS 


OPEN 

GROUND 

VCC-5V±0.5V 

11 -18 

10 

1 -9,19, 20 



NOTE: Each pin except VCC and GND wll have a resistor of 47KO± 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCTS541MS 


Harris Space Level Product Flow - 'MS' 

Wafer Lot Acceptance (All Lots) Method 5007 
(Includes SEM) 

GAMMA Radiation Verification (Each Wafer) Method 1019. 

4 Samples/Wafer, 0 Rejects 
100% Nondestructive Bond Pull, Method 2023 
Sample - Wire Bond Pull Monitor, Method 2011 
Sample ■ Die Shear Monitor, Method 2019 or 2027 
100% Internal Visual Inspection, Method 2010, Condition A 

100% Temperature Cycle, Method 1010, Condition C, 

10 Cycles 

100% Constant Acceleration, Method 2001, Condition per 
Method 5004 

100% PIND, Method 2020, Condition A 
100% External Visual 
100% Serialization 
100% Initial Electrical Test (TO) 

100% Static Bum-In 1, Condition A or B, 24 hrs. min., 
♦125°C min., Method 1015 


100% Interim Electrical Test 1 (T1) 

100% Delta Calculation (T0-T1) 

100% Static Bum-In 2, Condition A or B, 24 hrs. min., 
+125°Cmin.. Method 1015 

100% Interim Electrical Test 2 (T2) 

100% Delta Calculation (T0-T2) 

100% PDA 1, Method 5004 (Notes land 2) 

100% Dynamic Bum-In, Condition D, 240 hrs., +125°C or 
Equivalent, Method 1015 
100% Interim Electrical Test 3 (T3) 

100% Delta Calculation (T0-T3) 

100% PDA 2. Method 5004 (Note 2) 

100% Final Electrical Test 

100% Flne/Gross Leak. Method 1014 

100% Radiographic, Method 2012 (Note 3) 

100% External Visual, Method 2009 
Sample - Group A, Method 5005 (Note 4) 

100% Data Package Generation (Note 5) 


NOTES: 

1. Failures from Interim electrical test 1 and 2 are combined for determining PDA 1. 

2. Failures from subgroup 1, 7,9 deltas are used for calculating PDA. The maximum atowable PDA • 5% with no more than 3% of the 

falures from subgroup 7. 

3. RadbgrapNc (X-Ray) inspection may be performed at any point after seriafzation as a lowed by Method 5004. 

4. Alternate Group A testing may be performed as a lowed by MIL-STD-883, Method 5005. 

5. Data Package Corients: 

• Cover Sheet (Hants Name and/or Logo, P.O. Number, Customer Part Number, Lot Date Code, Harris Part Number. Lot Number, Quantity). 
. Water Lot Acceptance Report (Method S007). Includes reproductions of SEM photos with percent of step coverage. 

« GAMMA Radiation Report. Contains Cover page, disposition. Rad Dose, Lot Number, Test Package used. Specification timbers. Tea 
equipment, etc. Radiation Read and Record data on fie at Harris. 

- X-Ray report and flm. Includes penetrometer measurements. 

• Screening, Electrical, and Group A attributes (Screening attributes begin after package seal). 

• Let Serial Nurrtoer Sheet (Good units serial number and lot number). 

. Variables Data (Al Delta operations). Data Is identified by serial number. Data header indudes kx number and date cf test. 

- The Certificate of Conformance is a part of the shipping invoice and is not part of the Data Book. The Certificate of Conformance is signed 
by an authorized Quality Representative. 
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HCTS541MS 


Die Characteristics 

DIE DIMENSIONS: 

101 x 85 mils 

METALLIZATION: 

Type: SiAl 

Metal Thickness; 11 kA ± 1 kA 

GLASSIVATION: 

Type: Si0 2 

Thickness: 13kA ± 2.6kA 

WORST CASE CURRENT DENSITY: 
<2.0x10*A/cm 2 

BOND PAD SIZE: 

100pm x 100pm 
4 mils x 4 mils 

Metallization Mask Layout 


HCTSS41MS 




m 

$jg:_ 


-"Hi 

. V-V-V.VA- . 


muz 

i :: i lltei! 

! ■ >£?•>'*:-I I 

iAr.. »3y7?vitv3l 


ml 


;; 07) yi 


V; Q \ (IS) Y2 




: (IS) YJ 


301 


NOTE: The dte diagram b a generic pkx from a similar HCS device, k is intended to indicate approximate die size and bond pad location. 
The mask series for the HCTS541 fe TA14456A. 
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Features Pinouts 

• Radiation Hardened 2 * LE 

• Total Dose > 10 9 RAD (Si) ME , 

- Transient Upset > 10° RAD (Si)/s 

- Latch Up Free EPt-CMOS 

► Very Low Power Consumption csync [l 

• Pin CompatWe with NMOS 8285 and Harris 82C8S pcuc[T 

• Generates System Clocks for Microprocessors end Peripherals XBF[T 

• Complete Control Over System Clock Operation for Very Low rdyi [7 

System Power 

-Wosdllator 

- Stop-Clock RDV2 E 

. Low Frequency (Slo) Mode ADtt[J 

- Full Speed Operation CLK [t 

• DC to 15MH2 Operation (DC to SMHz System Clock) g»[? 

• Generates Both 50% and 33% Duty Cycle Clocks (Synchronized) CLKMpo 

» Uses Either Parallel Mode Crystal Circuit or External Frequency start E7 

Source slotst FTi 

• Hardened Field, Self-Aligned, Junction Isolated CMOS Process 

• Single SV Supply 

• Mlitary Temperature Range -55°C to +125°C 

Description 24 u 

The Harris HS-82C85RH Is a high performance, radiation hardened FLA1 ’j 

CMOS Clock Controller/Generator designed to support systems iXillzing * 

radation hardened static CMOS microprocessors such as the 
HS-80C86RH. The HS-82C85RH contains a crystal controlled osdllator, csync ct 

reset pulse conditioning, halt/restart logic, and divide-by-256 circuitry. pctxcz 

These features provide the means to stop the system clock, stop the clock XEHTc z 

oscillator, or run the system at a low frequency (CLK/256). enhancing Rone- 
control of static system power dissipation and allowing system shit-down readycz - 
during periods of external stress. roy2c: I 

Static CMOS circuit design insures low operating power and permits 
operation with an ertemal frequency source from DC to 15MHz. Crystal 
controlled operation to 15MHz is guaranteed with the use of a parallel, 
fundamental mode crystal and two small load capacitors. Outputs are 
guaranteed compatible with both CMOS and TTL specifications. The 
Harris hardened field CMOS process results In performance equal to or 
greater than existing radiation resistant products at a fraction of the power. 


24 LEAD CERAMIC DUAL-W-LINE 
METAL SEAL PACKAGE (S8DIP) 
MIL-STD-1835 CDIP2-T24 
TOP VIEW 


SJ VDO 

5] xi 

6] X2 
FJasvmc 
5]efi 
?5|f/C 
igosc 

V/| RES 
Te| RESET 

is] S2/STOP 

iilsi 


24 LEAD CERAMIC METAL SEAL 
FLATPACK PACKAGE (FLATPACK) 
MIL-STD-1835 CDFP4-F24 
TOP VIEW 


24 -f-~1 VDO 
23 3^3X1 

22 13X2 
21 3 33 ASYNC 
20 3 3ET1 
IS — “3F£ 


1 • 

24 

2 

23 

) 

22 

4 

21 

S 

20 

• 

19 

7 

19 

t 

17 

9 

1i 

10 

15 

11 

14 

12 

13 


Ordering Information 


PART NUMBER 

TEMPERATURE RANGE 

PACKAGE 

HS1-82C85RH-Q 

-S5°Cto»12S°C 

24 Lead SBDIP 

HS1-82C85RH-8 

•55°Cto +12S°C 

24 Lead SBDIP 

HS1-82C85RH/Sample 

+25°C 

24 Lead SBDIP 

HS9-82C85RH/Prott> 

-55°CtO +125°C 

24 Lead Ceramic Flatpack 

HS9-82C85RH-Q 

-55°CtO +125°C 

24 Lead Ceramic Flatpack 

HS9-82C85RH-8 

-S5°C to +125°C 

24 Lead Ceramic Flatpack 

HS9-82C8SRH/Sample 

+25°C 

24 Lead Ceramic Flatpack 


CAUTION: These devices are sensmv© to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1995 - 
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HS-82C85RH 


Pin Description 


PIN 

PIN 

NUMBER 

TYPE 

DESCRIPTION 

XI 

23 

1 

CRYSTAL CONNECTIONS: XI and X2 are the crystal oscillator connections. The crystal 

X2 

22 

0 

frequency must be three times the maximum desired processor dock frequency. XI Is the 
osdlator drcuk input and X2 btheouputof the osdlator drciit. 

EFI 

20 

1 

EXTERNAL FREQUENCY IN: When F/C is HIGH. CLK is generated from the EFI inpu signal. 
This irput signal shotid be a square wave wkh a frequency of three times the maximum desired 
CLK output frequency. 

F/C 

19 

1 

FREQUENCY/CRYSTAL SE LECT: F/C selects either the crystal osdlator or the EFI inpu as the 
main frequency source. When F/C Is LOW, the HS-82CBSRH docks are derived from the crystal 
osdlator drcUL When F/C Is HIGH, CLK Is generated from the EFI input. F/C cannot be dynam- 
tcaly switched during normal operation. 

START 

11 

1 

A tow-to-Wgh transUon on START wll restart the CLK, CLKSO and PCLK oUputs rftor the 
appropriate restart sequence Is completed. 

When h the crystd mode (F/C LOW) with the osdlator stopped, the osdlator wll be restarted 
when a Start command Is received. The CLK, CLK50 and PCLK outputs wil start afterthe osdl- 
lator input signal (XI) reaches the Schmlti trigger input threshold and an 8K Internal courier 
reaches terminal count If F/C Is HIGH (EFI mode), CLK, CLKSO and PCLK wil restart within 3 EFI 
cydes after START is recognized. 

The HS-82C85RH wll restart In the same mode (SLO/FST) In which It stopped. A high level on 
START disables the STOP mode. 

SO 

13 

1 

S2/STOP, SI. SO are used to stop the HS-82C85RH dock outputs (CLK, CLK50, PCLK) and are 

SI 

S2/5TOP 

14 

15 

1 

l 

sampled by the rising edge of CLK. CUC CLK50 and PCLK are stopped by S2/STORS1, SO being 
in the LHH slate on the iow-to-high transition of CLK. This LHH state must follow a passive HHH 
state occurring on the previous iow-to-high CLK transition CLK and CLKSO stop in the high state. 
PCLK stops in It's current state (high or tow). 

When in the crystal mode (F/C) iow and a STOP command is issued, the HS-82C85RH osdlator 
wil stop along with the CLK, CLKSO and PCLK outputs. When in the EFI mode, only the CLK, 
CLK50 and PCLK outputs wil be halted. The osdlator circuit if operational wil continue to run. 
The oscillator and/or dock is restarted by the START inpix signal going true (HIGH) or the reset 
hput (RES) going iow. 

SLO/FST 

12 

1 

SLO/FST Is a level-triggered inpu. When HIGH, the CLK and CLK50 outputs rut at the maximum 
frequency (crystal or EFI frequency divided by 3). When LOW, CLK and CLK50 frequencies are 
equal to the crystal or EFI frequency divided by 768. SLO/FST mode changes are Hemolly 
synchronized to elminate glitches on the CLK and CLK50. START and STOP control of the 
osdlator or EFI is avals bie In either the SLOW or FAST frequency modes. 

The SLO/FST Irvut must be held LOW for at least 195 OSC/EFI dock cydes before k wll be 
recognized. This el mi nates unwanted frequency changes which coiid be caused by gltches or 
noise transients. The SLO/FST input must be held HIGH for at least 6 OSC/EFI dock pulses to 
guarantee a transtoon to FAST mode operation. 

CLK 

8 

0 

PROCESSOR CLOCK: CLK is the dock output used by the HS-80C86RH processor and other 
peripheral devices. When SLO/FST is high, CLK has an output frequency which is equal to the 
crystal or EFI input frequency divided by three. When SLO/FST is low, CLK has an oiXpirt frequen¬ 
cy which is equal to the crystal or EFI input frequency divide by 768. CLK has a 33% dtkycyde. 

CLK50 

10 

0 

50% DUTY CYCLE CLOCK; CLKSO Is an auxilary dock with a 50% dUy cycto and is synchro¬ 
nized to the faling edge of CLK. When SLO/FST is high, CLK50 has an outpn frecxrency which 
b equal to the crystal or EFI inpu frequency divided by 3. When SLO/FST is tow. CLK50 has an 
output frequency equal to the crystal or EFI input frequency divided by 768. 

PCLK 

2 

0 

PERIPHERAL CLOCK: PCLK b a peripheral dock signal whose outpi* frequency b equal to the 
crystal or EFI Input frequency divided by six and has a 50% duty cyde. PCLK frequency fe 
unaffected by the state of the SLO/FST inpuL 

OSC 

18 

0 

OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuitry, fcs frequency is 
equd to that of the crystal escalator circuit. OSC Is unaffected by the state of the SLO/FST Inpu. 
When the HS-82C85RH bin the crystal mode (F/C LOW) and a STOP command Is issued, the 
OSC output will stop In the HIGH state. When the HS-82C85RH Is In the EFI mode (F/C HIGH), 
the osdlator (If operational) wil continue to run when a STOP oommand b baued and OSC 
remains active. 
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HS-82C85RH 


Pin Description (Continued) 



PIN 

PIN 

NUMBER 

RES 

17 

RESET 

16 

CSYNC 

1 

AEN1 

3 

AEN2 

7 

RDY1 

4 

RDY2 

6 

ASYNC 

21 

READY 

5 

GND 

9 

VDD 

24 








RESET IN: RES Is an active LOW signal which Is used to generate RESET. The HS-S2C85RH 
provides a Schmitt trigger irputso that an RC connection can bo used to estabfoh the power-up 
reset of proper duration. RES stares crystal oscflator operation _ 


RESET: RESET is an active HIGH signal which is used to reset the HS-60C86RH processor, to 
liming characteristics are determined by RES . RESET is guaranteed to be HIGH for a minimum 
of 16 CLK pulses after the rising edge of RES. ___ 


CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which alows multiple HS- 
82C85RHS to be synchronized to provide multiple In-phase dock signals. When CSYNC is HIGH, 
the internal counters are reset and force CLK, CLK SO and PCLK irto a HIGH state. When CSYNC 
is LOW, the internal counters are allowed to court and the CLK,CLK50 and PCLK oUpUs are 
active. CSYNC must be externally synchronized to EFI. 


ADDRESS ENABLE: AEN is an active LOW signal. AEN se rves to qualify Its respective Bus 
Ready Signal (RDY1 or RDY2). AEN1 valdates RDY1 wh»e AEN2 valdates RDY2. Two AEN 
signal frputs are useful In system cofigurations which permit the processor to access two MJtL 
Master System Buses. __ 


BUS READY: (Transfer Complete). RDY is an active HIGH signal which is an indication from a 
device located on the system data bus that data has been received, or is avalable. RDY1 is 
qualfted by AEN1 while RDY2 is quairted by AEN2. __ 


READY SYNCHRONIZATION SELECT: ASYNC is an Input which defines the synchronization 
mode of the READY logic. When ASYNC is LOW, two stages of READY synchronization are pro¬ 
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 


READY: READY is an active HIGH signal which is used to Worm the HS-80C86RH that k may 
conclude a pending data transfer. _ 


Ground 


+5V power supply 
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Specifications HS-82CS5RH 


Reliability Information 

Thermal Resistance 8j* Bjc 

SBCHP Package. 52°C/W 12°C/W 

Ceramic Flatpack Package. 70°C/W ICfC/W 

Maximum Package Power Dissipation at +125°C Ambient 

SBDIP Package.0.96W 

Ceramic Flatpack Package.0.71W 

if device power exceeds package dtesipation capablty, provide heat 
sinking or derate I nearly at the fo lowing rate: 

SBDIP Package.19.2mW/C 

Ceramic Flatpack Package.14.3mW/C 

CAUTION: Str*s **3 a£>ov* m m Ab$okit$ Mojamum Rating9 m may causa pamananf ctamog* to tha davica. Thts ts a svass oniy rating and oparotkxt 

of ffre device 0 f these or any ocher conations above 9)oso indicated in ttw operational sections of this specification is net tmptted. 


Operating Conditions 

Operating Wtage Range.-5V to +5.5V InpU Low Voltage 

Operating Temperature Range.-55°C to +125°C Inpu High Voltage 

RESET Input High Voltage.3.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

CONDITIONS 

GROUP A 
SUBGROUP 

TEMPERATURE 

UMTTS 

UMTS 


MAX 

CLK or CLK50 Output 
High Voltage 

VOH 

VDD - 4.5V. 10 - -5.0mA, 

VIN-OVor4.5V 

1,2.3 

-55°C. +25°C, 
+125°C 


■ 

■ 

Output flgh Vofcage 

VOH 

VDD « 4.SV, IO - -2.5mA, 
VIN-0VOT4.5V 

1,2,3 

-S5°C, »25°C, 
+125°C 

£3 

■ 

■ 

Output Low Voltage 

VOL 

VDD - 4.5V. 10 - 5.0mA, 

V1N - OV or 4.5V 

1,2.3 

-55°C. +25°C, 
+125°C 

■ 

H 

■ 

Input Leakage Cur¬ 
rent 

IILorllH 

VDD-5.5V, VIN-OVor 

5.5V, Inpu Pins except 11 to 
15, 21,23 

1,2,3 

-55°C, +25°C, 
+125°C 

-1.0 

1.0 

pA 

Bus Hold High Leak¬ 
age Currant (No© 1) 

IBHH 

VDD-4.5V, 5.5V, VIN ■ 

3.0V, Pins: 11 to 15,21 

1,2,3 

-55°C, »25°C, 

+125°C 

-200 

-20 

ma 

Standby Power Sup¬ 
ply Curent 

IDDSB 

VDD - 5.5V, VIN - GND or 
VDD, 10 « OmA 

1,2,3 

-55°C. +25°C, 
+125°C 

■ 

100 

mA 

Operating Power 
Supply Current 

IDDOP 

VDD-5.5V, VIN-GND or 
VDD, 10 - OmA, Crystal 
Frequency - 15MHz 

1,2,3 

-55°C. +25°C, 
♦12S°C 

■ 

SO 

mA 

Functional Tests 

FT 

VDD - 4.5Vand 5.5V. 

VIN - GND or VDD. f-1MHz 

7, 8A.8B 

-55°C. +25°C, 

+125°C 

■ 

■ 

■ 

Noise Immunity 
Functional Test 

FN 

VDD - 5.5V, 

VIN-GND or 3.5 V and 

VDD-4.5V, 

VIN-0.8V or VDD 

7, 8A, 8B 

-55°C, »2S°C, 
+125°C 

1 

1 

| 


NOTE: 


1. IBHH should be measured after raising VIN to VDD and then lowering to 3.0V 


.OV to tO.BV 
3.5V to VDD 


Absolute Maximum Ratings 

Supply Voltage.+6.5V 

Input, OutpUor I/O Voltage.VSS-0.3V to VDD+0.3V 

Storage Temperature Range.-65°C to +150°C 

Junction Temperature.+175°C 

Lead Temperature (Soldering 10s).+300°C 

Typical Derating Factor.5.33mA/MHz Increase in IDDOP 

ESD Classification.Class 1 
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Specifications HS-82C85RH 



-55°C. +25°C, +125°C 


9,10,11 | -55^.+25°C,+125°C 


9 , 10,11 


RDY1.RDY2 Active Setup TR1VCH ASYNC • Low 9,10,11 
to CLK 


RDY1, RDY2 Inactive Setup TR1VCL 

to CLK 


RDY1, RDY2 Hold to CLK TCLR1X 


ASYNC Setup to CLK 


ASYNC Hold to CLK 


AEN1.AEN2 Setup to 
RDY1, RDY2 


TAYVCL 


TCLAYX 


TA1VR1V 


AEN1.AEN2 HoWto CLK I TCLA1X 



CSYNC Setup to EFI 


CSYNC Hold ID EFI 


CSYNC Pulse Width 



TYHEH 


TEHYL 


TYHYL 


TI1HCL | Note 3 


TSVCH 


SO, SI, S2/STOP Hold to TCHSX 
CLK 




TRSVCH Note 3 


RES (Low) or START (rtgh) TSHSL 

Pulse Width 





TSFPC Note 3 


■55°C, +25°C, +125°C 


.55°C, +25°C, +125°C 


-55°C, +2S°C, +125°C 


-55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 


9,10.11 I -55°C. +25°C, +125°C 


-55°C, +25°C. +125°C 


-55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 


-55°C, +2S°C, i.125°C 


-55°C, +25°C, +125°C 


-55°C r +25°C r +125°C 


-55°C,+25°C, +125°C 


9, 10.11 -55°C,+25°C, +125°C 


9,10,11 -55°C, +25°C, +125°C 


9,10,11 


9,10,11 


9,10,11 


9,10.11 


9,10,11 


9,10,11 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD - 4.5V, T A - -55°Cto +125°C 


T LJMITS 

GROUP A 1 

PARAMETER SYMBOL CONDITIONS SUBGROUP TEMPERATURE 


TIMING REQUIREMENTS 


External Frequency Ugh 
Time 


External Frequency Low 
Time 


EFI or Crystal Period 


External Frequency Input TE FIDC 
Duty Cyde 


Crystal Frequency 


RDY1, RDY2 Active Setup TR1VCL ASYNC - 
to CLK H&\ 



TEHEL 

90% ■ 90% 

VIN 

9, 10, 11 

-55°C, +25°C, +12S°C 

25 

TELEH 

10%-10% 

VIN 

9, 10, 11 

-55°C, +2S°C, +12S°C 

25 

TELEL 


9, 10.11 

-55°C. +25°C. +125°C 

65 


TEHEL+170 


TIMING RESPONSES 


CLK/CLK50 Cycle Period | TCLCL 


CLK HIGH Time 


CLK LOW 


CLK50 HIGH Time 


CLK50 LOW rne 


PCLK HIGH Time 


TCHCL 


TCLCH 


T5CHCL 


T5CLCH 


TPHPL 



9, 10,11 

-55°C, +2S°C, t125°C 

200 

9, 10,11 

-55°C, +2S°C, +125°C 

(1/3 TCLCL) 
+3 

9, 10, 11 

-55°C, +2S°C, +125°C 

(2/3 T CL CL) 
-15 

9, 10, 11 

-55°C, +25°C, +125°C 

(1/2 TCLCL) 
-7.5 

9, 10,11 

-55°C, +25°C, +125°C 

(1/2 TCLCL) 
-7.5 

9, 10,11 

-55°C, +25°C, +125°C 

TCLCL-20 
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Specifications HS-82C85RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD - 4.5V, T A - -55°C to +125°C (Continued) 


UMTS 


PARAMETER 


PC LX LOW Time 


Ready Inactive to CLX 


Ready Active to CLK 


CLK to Reset Delay 


CLK to PCLK HIGH Delay 


CLK to PCLK LOW Delay 


OSC to CLK HIGH Delay 


OSC to CLK LOW Delay 


OSC LOW to CLK50 HIGH 
Delay 


CLK LOW to CLK50 LOW 
Skew 


TPLPH 


TRYLCL Note 4 


TRYHCH Note 3 


TCUL 


TCLPH 


TCLPL 


TOHCH 


TOHCL 





GROUP A 
SUBGROUP 

TEMPERATURE 

9,10,11 

•55°C, +25°C, +125°C 

9, 10,11 

-55°C, +25°C, t^C 

9,10,11 

-55°C, +25°C. +125°C 

«, 10,11 

-55°C. +25°C. +125°C 

9,10,11 

-55°C, +25°C, +12S°C 

9,10,11 

-55°C, ♦JSOC, »12S°C 

9,10,11 

-SS^C. +25°C, ♦125 < ’C 

9,10,11 

-55°C, +25°C, +125°C 

9,10,11 

-SS°C, *2S°C, *12S°C 

9, 10,11 

-SS°C, ^“C, t^SOC 


MAX UNTTS 


ns 



1. ACs tested at worst case VDD, guaranteed over full operating range 

2. Setup and hold necessary only to guarantee recognition at next dock 

3. Apples only to T3, TW states 

4. Apples only to T2 states 

5. All timing delays are measured at 1.5V, unless otherwise noted 

6. Timing measurements made with EF1 duty cyde - 50% 


TABLE X ELECTRICAL PERFORMANCE CHARACTERISTICS 


Output Capedtance 

COUT 

RESET Input 
Hysteresis 

( + )VT - (-)VT 


PARAMETER 


Input Capacitance 


SYMBOL 


CIN 


CONDITION 


VDD - Open f- 1MHz, Note 2 


TEMPERATURE 


T a -+25°C 


C 


*55 q C<T A <+125°C 0.25 



TIMING REQUIREMENTS 


5 

PF 

15 

Pf 



RES or START Vald 
to CLK Low 

TSTART 

VDD-4.5V and 5.5V 

.55 < 'C<T A <*125°C 

2TELEL 

+3 

- 

ns 

STOP Command 

Vald to CLK High 

TSTOP 

VDD-4.5Vand 5.5V 

-55°C < T a < +125°C 

TCLCL + 
TCLCH 

3TCHCH 

+55 

ns 


TIMING RESPONSES 


CLK/CLK50 Rise 
Time 


TCH1CH2 VDD -4.5V and 5.5V, 1.0V to -55^ < T A < +125°C 

3.5V 


CLK/CLK50 Fall Time TCL1CL2 VDD - 4.5V and 5.5V, 3.5V to -55<C < T a <+125°C 

1.0 V 


Output Rise Time TOLOH VDD-4.5V and 5.5V, 0.8V to -55“*: < T A < +125°C 

(Except CLK) 2.0V 


Output FallTime TOHOL VDD-4.5 V and 5.5V, 2.0V to < T A <+125°C 

(Except CLK) 0.8V 
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Specifications HS-82C85RH 

TABLE 1 ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

CONDITION 

TEMPERATURE 

UMITS 

UNITS 

MIN 

MAX 

Start/Reset Vaid to 
CLKLow 

TOST 

VDD-4.5V and 5.5V (TYP) 
Note 3 

.5S°C < T A < +125°C 

* 

3 

ms 

RESET Output Time 
High 

TRST 

VDD -4.5V and 5.5V 

-S5°C<T a < +125°C 

16 

(TCLCL) 


rra 


NOTES: 

1 The parameters Isted In table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which wodd affect these characteristics. 

2. All measurements referenced to device ground. 

3. Oscilator starts time depends on several factors Including crystal frequency, crystal mant/acturer, capacitive load, temperature, power 
supply voltage, etc. This parameter is given for Information only. 

TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
See +25°C limits in Table 1 and Table 2 for Post RAD limits (Subgroups 1,7,9) 


TABLE 5. BURfWN DELTA PARAMETERS (+25°C) 


PARAMETER 

SYMBOL 

DELTA UMITS 

Static Current 

IDDSB 

±20|iA 

Input Leakage Currerx 

IIL IIH 

±200nA 

Low Laval Output Vottaga 

VOL 

±BOmV 

High Level Output Voltage 

VOH 

±l50mV 


TABLE 4. APPLICABLE SUBGROUPS 




GROUP A SUBGROUPS 


CONFORMANCE 

GROUP 

MIL-STD-883 

METHOD 

TESTED FOR -Q 

RECORDED 

FOR-Q 

TESTED FOR-8 

RECORDED 
FOR •$ 

Initial Test 

100% 5004 

It 7,8 

1 (Note 2) 

1.7,9 


Interim Test 

100% 5004 

It 7t 9, A 

1, A (Note 2) 

1,7,9 


PDA 

100% 5004 

1,7, A 

- 

1,7 


Final Test 

100% 5004 

2, 3, 8A, 8B, 10,11 

- 

2,3,8A,88,10,11 


Group A (Note 1) 

Sample 5005 

1,2, 3, 7, 8A, 6B, 9, 10,11 

■ 

1. 2. 3, 7. 8A- SB, 9, 
10,11 


Subgroup B5 

Sample 5005 

1,2, 3.7, 6A.8B. 9,10,11. A 

1.2,3. A (Note 2) 

N/A 


Subgroup B6 

Sample 5005 

1,7,9 


N/A 


Group C 

Sample 5005 

N/A 

N/A 

1.2, 3,7,8A. 8B, 9, 
10,11 


Group D 

Sample 5005 

1,7,9 

- 

1,7,9 


Group E, Subgroup 2 

Sample 5005 

1,7,9 

- 

1,7,9 



NOTES: 

1. Alternate Group A tasting in accordance wfch MIL-STD-883 method 5005 may be exercised. 

2. Table 5 parameters only 
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HS-82C85RH 


Harris Space Level Product Flow -Q 

Wafer Lot Acceptance (All Lots) Method 5007 100% Interim Electrical Test 1 (T1) 

(Includes SEM) 100% Delta Calculation (T0-T1) 

GAMMA Radiation Verification (Each Wafer) Method 1019, ioo% PDA 1, Method 5004 (Note 1) 

2 Samples/Wafer, 0 Rejects ioo% Dynamic Bum-In. Condtion D, 240 Hours, +12S°C or 

100% Die Attach Equivalent. Method 1015 

100% Nondestructive Bond Pull, Method 2023 100% Interim Electrical Test 2(T2) 

Sample - Wire Bond Pull Monitor, Method 2011 100 % Delta Calculation (T0-T2) 

Sample - Die Shear Monitor, Method 2019 or 2027 ioo% PDA 2. Method 5004 (Note 1) 

100% Internal Visual Inspection, Method 2010, Condition A 100% Find Eleclrical Test 
CSI and/or GSI PreCap (Note 6) 100% Flne/Gross Leak, Method 1014 

100% Temperature Cyde, Method 1010, Condition C, 100% Radographic (X-Ray), Method 2012 (Note 2) 

10Cycles 100% External Visual, Method 2009 

100% Meth0d 2001 C0ndti0n V" Sample - Group A, Method 5005 (Note 3) 

100% PIND, Method 2020, Condition A Sample - Group B, Method 5005 (Note 4) 

100% External Visual Sample * Group D> Me,hod 5006 (NoteS 4 and 5) 

o „ * 100% Data Package Generation (Note 7) 

100% Serialization a x 

, ui i n ^ i T ^ rr/M CSI and/or GSI Final (Note 6) 

100% Initial Electrical Test (TO) ' 

100% Static Burn-In 1, Condition A or B, 72 Hours Min, 

4125^ Mm, Method 1015 

NOTES: 

1. Failures from subgroip 1,7 and deltas are used for calculating PDA. The maximum alowable PDA - 5% with no more than 3% of the 
fa I ires from subgroup 7. 

2. Radiographic (X-Ray) inspection may be performed at any point after serialzarton as a Rowed by Method 5004. 

3. Alternate Group A testing may be performed as slowed by MIL-STD-883, Method 5005. 

4. Group B and 0 hspections are optional and wll not be performed unless required by the P.O. When required, the P.O. should indude 
separate Ine kerns tor Group B Test Group B Samples, Group D Test and Group D Samples. 

5. Group D Generic Data as defined by MIL-l-38535, is optional and wil not be supplied unless required by the P.O. When required, the 
P.O. should indude a separate Ine kern for Group D Generic Data. Generic data is not guaranteed to be available and is therefore net 
avaiable In all cases. 

6. CSI anchor GSI inspections are optional and wll not be performed unless required by theP.O. When required, the P.O. should Indude 
separate Ine kerns for CSI PreCap inspection. CSI final Inspection. GSI PreCap Inspection, and/or GSI final inspection. 

7. Data Package Contents: 

• CoverSheet (Harris Name arri/orL^ P.O. Number, Customer Part Number. Lot Date Code, Harris Part Number, Lot Number, Quantity). 

• Wafer Lot Acceptance Report (Method 5007). Includes reproductions of SEM phetos with percent of step coverage. 

• GAMMA Radiation Report Contains Cover page, disposition. Rad Dose, Lot Number, Test Package used, Specificaian Numbers, Test 
equipment, etc. Radiation Read and Record data on fite at Harris. 

• X-Ray report and flm. Indudes penetrometer measurements. 

• Screening, Electrical, and Group A attributes (Screening attributes begin after package seal). 

• Lot Serial Number Sheet (Good unfcs serial number and lot number). 

• Variables Data (Al Delta operations). Data is Identified by serial number. Data header Indudes lot number and date of test 

• Group B and D attributes and/or Generic data is included when required by the P.O. 

• The Certificate of Conformance is a part of the shipping invoice and is not part of the Data Book. The Certificate of Conformance Is signed 
by an authorized Quality Representative. 





HS-82C85RH 


Harris Space Level Product Flow -8 

GAMMA Radiation Verification (Each Wafer) Method 1019. 
2 Samples/Wafer, 0 Rejects 

100% Die Attach 

Periodic- Wire Bond Pull Monitor, Method 2011 
Periodic- Die Shear Monitor, Method 2019 or 2027 
100% Internal Visual Inspection, Method 2010, Condition B 
CSI an/or GSI PreCap (Note 5) 

100% Temperature Cyde, Method 1010, Condition C, 

10 Cycles 

100% Constant Acceleration, Method 2001, Condtion per 
Method 5004 
100% External Visual 
100% Initial Electrical Test 


100% Dynamic Bum-In, Condition D, 160 Hours, +12S°Cor 
Equivalent. Method 1015 

100% Interim Electrical Test 
100% PDA. Method 5004 (Note 1) 

100% Final Electrical Test 
100% Fine/Gross Leak, Method 1014 
100% External Visual, Method 2009 
Sample • Group A, Method 5005 (Note 2) 

Sample - Group B, Method 5005 (Note 3) 

Sample - Group C. Method 5005 (Notes 3 and 4) 

Semple - Group D, Method 5005 (Notes 3 and 4) 

100% Data Package Generation (Note 6) 

CSI and/or GSI Final (Note 5) 


NOTES: 

1. Failures from subgroup 1,7 are used for calculating PDA. The maximum alowabie PDA - 5%. 

2. Alternate Group A testing may be performed as a lowed by MIL-STD-883, Method 5005. 

3. Group B. C and D inspections are optional and wll not be performed unless required by the P.O. When required, the P.O. shotid include 
separate ine Items for Group B Test Group C Test, Gnxp C Samples, Group D Test and Group D Samples. 

4. Group C and/or Group D Generic Data, as defined by MIL-138535, Is optional and wil not be sipplied iriess reqilred by the P.O. When 
required, the P.O. should Indude a separate Ine Item for Group C Generic Data and/or Group D Generic Data. Generic data Is not guar- 
anteed to be available and to therefore not available in all cases. 

5. CSI and/or GSI Inspections are optional and tMI not be performed unless required by theP.O. When required, the P.O. should indude 
separate Ine Items for CSI PreCap Inspection. CSI final inspection, GSI PreCap inspection, and/or GSI final Inspection. 

6. Data Package Contents: 

• Cover Sheet (Harris Name and/or Logo, P.O. Number, Customer Part Number. Lot Date Code, Harris Part Number, Lot fkrmber, Quantky). 

• GAMMA Radiation Report. Contains Cover page, disposition. Rad Dose. Lot Number, Test Package used, Specification Numbers, last 
equipment etc. Radiation Read end Record data on fie art Harris. 

• Screening Electrical, and Group A attributes (Screening attrfcirtes begin after package seai). 

- Group B, C and D attributes and/or Generic darta to induded when required by the P.O. 

• The Certificate of Conformance to a part of the shi pping invoice and Is not part of the Data Boo*. The Ce nflcarte of Confo nuance is signed 
by an authorized Qualty Represerrtative. 


AC Test Circuit 


FROM OUTPUT 
UNDER TEST 


VDD 


t R (NOTES 1. 2) 

CL NOTE 4) 


NOTES: 

1. R- 3700 at V- 2.25 for CLK and CLK50 outpits. 

2. R-494Q at V-2.87 for all other outputs. 

3. CL - 50pF. 

4. CL Includes probe and jig capadtance. 
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HS-82C85RH 


Waveforms 



CLK AND CLK50 


16V 

1.0V 


TCH1CH2 
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HS-82C85RH 


Waveforms (continued) 



NOTE: CLK. CLK50, PCLK remain h the Ngh state und RES gwshigh and 8192 vald collator cydes have bHNMdJJj» 

HS-82C85RH Hemal counter TOST time period). Alter RES goes high and CLK. CLK50, PCLK become active, the RESE ornp 
wil remain high for a minimum oM 6 CLK cycles (TRST). 


.T Ti T r 

pcu< _njTjrnJiJiJTnj^^ 

SLOffST J 

cu- UUJUJl _I I—B-IUUliUUL 

oK-iimniui_i i_nnnnnnjL 

FIGURE 9. SLOfFSTTlMING OVERVIEW 


|~f-IN EFI OR OSC CYCLES-»■! 

EFIOROSC juyuinniuutf^^^ 



K^ll^TSFPCt 
SDSFST - r"~“" 


«* __ri_jn_n..n_n-1 l 

ox«> n n n_ri_n_I l 


FIGURE 10, FAST TO SLOW CLOCK MODE TRANSITION 
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HS-82C85RH 


Waveforms (continued) 


EF10R0SC jTjumjuuumr^annnnm 



FIGURE 11. SLOW TO FAST CLOCK MODE TRANSITION 
r If TSFPC is n« mat on or© edge of PCUC SLQffST \MI be recognized on the next edge of PCLK. 



FIGURE 11 CLOCK HIGH AND LOW TIME (USING XI, X2) FIGURE 13. CLOCK HIGH AND LOW TWE (USING EFI) 



FIGURE 14. READY TO CLOCK (USING XI, X2) 
t CL • SOpF 


FIGURE IS. READY TO CLOCK (USING EFI) 
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HS-82C85RH 


Bum-In Circuits 




STATIC CONFIGURATION 

IOTES: 

1. R - lOkO ± 10% 

2. VDD - 6.0V ± 5% 

3. T A -+12S°CMn 

4. Package Coda: SZ (24 Lead DIP) 

5. FO b50%duty cycle square wave pulse buret Fob left 

tow after pub* burst 


Irradiation Circuit 


DYNAMIC CONFIGURATION 

NOTES: 

1. R-l0kQ±10% 

2. VDD - 6.0V± 5% (Burn-In); VDD » 5.5V ± 5% (Ufa Test) 

3. T A -+125°C Min 

4. Package Code: SZ (24 Lead DIP) 

5. FO - 10kHz, 50% duty cycle 

6. FI - F0/2; F2 - FI/2: F3 - F2/2, F4 - F3/2; F5 - F4/2 


NOTES: 

1. R-47kfl±10% 

2. Pins tied to VSS (OV): Pin9 

3. Pins with loads: 2, 5.8,10,16.18. 22 

4. Pins tied to VDD: 1.3,4,6,7.11-15,17.19 -21.23.24 

5. VDD-5.5V±0.5V 
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HS-82C85RH 


Functional Description 

The HS-82C85RH Static Clock Controller/Genefator 
provides simple and complete control of static CMOS 
system operating modes. The HS-82C85RH can operate 
with either an external crystal or an external frequency 
source and can support full speed, slow, stop-dock and 
stop-oscilator operation. Whie it is directly compatible with 
the Harris HS-80C86RH CMOS 16-bit static microprocessor, 
the HS-82C85RH can also be used for general purpose 
system dock control. 

Separate signals are provided on the HS-82C85RH for stop 
and start control of the crystal osdllator and clock outputs. A 
single control line determines fast (crysial/EFl frequency 
divided by 3) or slow (crystal/EF! frequency divided by 768) 
mode operation. A dock synchronization input is provided to 
allow the use of mufciple HS-82C85RHs In the same system. 
The HS-82C85RH generates the proper HS-80C86RH reset 
pulse, and it also handles all data transfer timing by generat¬ 
ing the HS-8GC86RH ready signal. 

Automatic maximum mode HS-80C86RH software HALT 
instruction decode logic Is present to ease the design of 
software-based dock control systems and provides com¬ 
plete software control of STOP mode operation.Automatic 
minimum mode software HALT instruction decoding can be 
easily implemented with a single 74HC74 device. Restart 
logic insures valid dock start-up and complete synchroniza¬ 
tion of CLK, CLK50 and PCLK. 

Static Operating Modes 

The HS-82C85RH Static Clock Controller can be dynami- 
caly set to operate in any one of four modes at anyone time: 
FAST, SLOW, STOP-CLOCK and STOP-OSCILLATOR. 
Each mode has distinct power and performance characteris¬ 
tics which can be matched to the needs of a particular sys¬ 
tem at a spedfic time (See Table 1). 

Keep in mind that a single system may require all of these 
operating modes at one time or another during normal oper¬ 
ation. A design need not be limited to a single operating 
mode or a spedfic combination of modes. The appropriate 
operating mode can be matched to the power-performance 
level needed at a spedfic time or In a particular drcum- 
stance. 


Reset Logic 

The HS-82 C85RH reset logic provides a Schmitt trigger 
input (RES) and a synchronizing flip-flop to generate there 
set timing. The reset signal is synchronized to the falling 
edge of CLK. A simple RC network can be used to provide 
power-on reset by utilizing this function of the 
H$-82C85RH.When in the crystal oscillator (F/C = LO W) or 
the EFI (F/C = HIGH) mode, a LOW state on the RES input 
will set the RESET output to the HIGH state. It wil also 
restart the osdllator drcuit if It is in the Idle state. The 
RESET output is guaranteed to stay in the HIGH state for a 
minimum of 16 CLK cydes after a fow-to-high transition of 
the RES input 

An oscilator restart count sequence will not be disturbed by 
RESET if this court is already in progress. After the restart 
counter expires, the RESET output will stay HIGH at least 
for 16 periods of CLK before going LOW. RESET can be 
kept high beyond this time by a continuing low input on the 
RES input 

If F/C is low (crystal oscillator mode), a tow state on RES 
starts the crystal oscilator circuit The stopped outputs 
remain inactive, until the oscillator signal amplitude reaches 
the XI Schmitt trigger input threshold voltage and 8192 
cydes of the crystal osdllator output are counted by an inter¬ 
nal counter. After this count Is complete, the stopped outputs 
(CLK, CLK50, PCLK) start deanly with the proper phase 
relationships. 

This 8192 count requirement insures that the CLK, CLK50 
and PCLK outputs will meet minimum dock requirements 
and will not be affected by unstable osdllator characteristics 
which may exist during the oscillator start-up sequence. This 
sequence is also folowed when a START command is 
issued while the HS-82C85RH oscillator is stopped. 

Oscillator/Clock Start Control 

Once the osdllator Is stopped (or committed to stop) or at 
power-on, the restart sequ ence is initiated by a HIGH state 
on START or LOW state on RES. If F/C Is HIGH, then restart 
occurs immediately after the START or RES input is syn¬ 
chronized internally. This insures that stopped outputs (CLK, 
PCLK, OSC and CLK50) start deanly with the proper phase 
relationship. 


TABLE 1. STATIC SYSTEM OPERATING MODE CHARACTERISTICS 


OPERATING 

MODE 

DESCRIPTION 

POWER LEVEL 

PERFORMANCE 

Stop-Osdlator 

All system clocks and main dock osdlator are 
stopped 

Maximum savings 

Slowest response due to 
osdlator restart time 

Stop-Clock 

System CPU and peripherals docks stop but 
main dock osdlator continues to run at rated 
frequency 

Reduced system power 

Fast restart - no osdlator 
restart time 

Slow 

System CPU clocks are slowed while peripheral 
dock and main dock osdllator run at rated 
frequency 

Power dissipation sightly high¬ 
er than Stop-Clock 

Continuous operation at low 
frequency 

Fast 

All clocks and oacfllators run at rated frequency 

Highest power 

Fastest response 
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HS-82C8SRH 


If F/C Is low (crystal oscillator mo de), a HIGH state on the 
START input or a low state on RES causes the crystal 
oscillator to be restarted. The stopped outpus remain 
stopped, until the oscillator signal ampitude reaches the XI 
Schmitt trigger input threshold voltage and 8192 cydes of 
the crystal oscillator output are counted by an internal 
counter. After this count is complete, the stopped outputs 
(CLK, CLK50, PCLK) start cleanly with the proper phase 
relationships. 

Typically, any Input signal which meets the START Input 
timing requirements can be used to start the HS-82C85RH. 
In many cases, this would be the INT output from an 
HS-32C59A CMOS Priority Interrupt Controller (See Figure 
16). This output, which is active high, can be connected to 
both the HS-82C85RH START pin and to the INTR input on 
the microprocessor. 



^ 52 



SI 


SI 

5o 


so 

Ml UMAX 




FIGURE IS. START CONTROL USING HS-82C59ARH INTER¬ 
RUPT CONTROLLER 

When the INT output becomes active (as a result of a 
'’restart'' IRQ or a system reset), the oscilator/clock circuit on 
the HS-82C85RH will restart. Upon completion of the 
appropriate restart sequence, the CLK signal to the CPU will 
become active. The CPU can then respond to the still-pend¬ 
ing Interrupt request 

Oscillator/Clock Stop Control 
The SO, SI, aid S2/STOP control lines determine when the 
HS-82C85RH clock outputs or oscilator will stop. These 
three lines are designed to connect directly to the MAXimum 
mode HS-80C86RH status lines as shown in Figure 17. 


HS 40 CMRH HS-t2CSSRH 

FIGURE 17. STOP CONTROL USING HS-80C86RH MAXIMUM 
MODE STATUS UNES 

When used in this configuration, the HS-82C85RH will 
automatically recognize a software HALT command from the 
HS-80C86RH and stop the system clocks or oscillator.This 
allows complete software control of the STOP function. 

If the HS-80C86RH is used in the MINimum mode , the 
HS-82C85RH can be controlled using the S2/ST0P input 
(with SO and SI held high). This can be done using the cir¬ 
cuit shown in Figure 18. Since the HS-80C86RH, when exe¬ 
cuting a halt Instruction in minimum mode, Is sues a single 
ALE pulse with no corresponding bus signals (DEN remains 
high), the ALE pulse wil be clocked through the 74HC74 and 
put the HS-82C85RH into stop mode. 

The HS-82C85RH status inputs S2/STOP, SI, SO are 
sarrpled on the rising edge of CLK. The oscill ator (F /C LOW 
only) and clock outputs are stopped by S 2/STOP, SI, SO 
being in the LHH state on a low-to-high transition of CLK, 
This LHH state must follow a passive HHH state occurring 
on the previous low-to-high CLK transition.CLK and CLK50 
will stop in the logic HIGH state after two additional complete 
cydes of CLK. PCLK stops in its current state (HIGH or 
LOW). This Is true for both SLOW and FAST mode 
operation. 

Stop-Oscillator Mode 

When the HS-82C85RH is stopped while in the crystal mode 
(F/C LOW), the oscillator, in addition to all system dock 
signals (CLK, CLK50 and PCLK), are stopped. CLK and 


HS-IOCttRH 

MCROPROCESSOft 



I HS>t 2 C* 5 RH 
CLOCK CONTROLLER/ 
GENERATOR 


TO HS- 80 C 86 RH . 
A PERIPHERALS 



FIGURE 18. STOP CONTROL USING HS-80C86RH IN MINIMUM MODE 
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HS-82C85RH 


CLK50 stop in the high state. PCLK stops In ts current state 
(high or low). 

Wth the oscillator stopped, HS-82C85RH power drops to Its 
lowest level. All docks and osdllators are stopped. All 
devices in the system which are driven by the HS-82C85RH 
go into the lowest power standby mode.The HS-82C85RH 
also goes into standby and requires a power supply current 
of less than 100mA. 

Stop-Clock Mode 

When the HS-82C85RH is in the EFI mode (F/C HIGH) and 
a STOP command is Issued, all system dock signals (CLK, 
CLK50 and PCLK) are stopped. CLK and CLK50 stop In the 
high state. PCLK stops in Its current state (high or low). 

The HS-82C85RH can also provide its own EFI source 
simply by connecting the OSC output to the EFI Input and 
puling the F/C Input HIGH. This puts the HS-82C85RH Into 
the External Frequency Mode using its own oscillator as an 
external source signal (See Figure 19). In this configuration, 
when the HS-82C85RH is stopped in the EFI mode, the 
oscillator continues to run, Only the clocks to the CPU and 
peripherals (CLK, CLK50 and PCLK) are stopped. 


STOP 

CONTROL 


XI 

X2 

EFI 

OSC 

Tic 


S2/STOP 


$1 

START 

SO 



START 
’ CONTROL 


FIGURE 19. STOP-CLOCK MODE IN EFI MODE WITH OSCILLA¬ 
TOR AS FREQUENCY SOURCE 


Clock Slow/Fast Operation 

The SLO/FST Input determines whether the CLK and CLK50 
outputs run at full speed (crystal or EFI frequency divided by 
3) or at slow speed (crystal or EFI frequency divided by 768) 
(See Figure 20). When in the SLOW mode,HS-82C85RH 
stop-dock and stop-osdilator functions operate in the same 
manner as in the FAST mode, and the frequency of PCLK is 
unaffected, 

The SLOW mode allows the CPU and the system to operate 
at a reduced rate which, in turn, reduces system power. For 
example, the operating power for the HS-80C86RH CPU is 
IQmA/MHz of clock frequency. When the SLOW mode is 
used in a typical 5MHz system, CLK and CLK50 run at 
approximately 20kHz. At this reduced frequency, the 
average operating current of the CPU drops to 200mA. 
Adding the HS-80C86RH 500mA standby current brings the 
total current to 700mA 

While the CPU and peripherals run slower and the 
HS-82C85RH CLK and CLK50 outputs switch at a reduced 
frequency, the main HS-82C85RH osallator is still ruining at 
the maximum frequency (determined by the crystal or EFI 
input frequency.) Since CMOS power is directly related to 
operating frequency, HS-82C85RH power supply current will 
typically be reduced by 25% - 35%. 

Internal logic requires that the SLO/FST pin be held low far 
at least 195 oscillator or EFI clock pulses before the SLOW 
mode command is recognized. This requirement eliminates 
unwanted FAST-to-SLOW mode frequency changes which 
could be caused by glitches or noise spikes. 

To guarantee FAST mode recognition, the SLO/FST pin 
must be held high for at least 3 OSC or EFI pulses. The 
HS-82C85RH wil begin FAST mode operation on the next 
PCLK edge after FAST command recognition. Proper CLK 
and CLK50 phase relationships are maintained and mini¬ 
mum pulse width specifications are met 

FAST-to-SLOW or SLOW-to-FAST mode changes will occur 
on the next rising or falling edge of PCLK. It is important to 
remember that the transition time for operating frequency 
changes, which are dependent upon PCLK, will vary with the 
HS-82C85RH oscillator or EFI frequency. 


EFI OR OSC 


5IG* ST 


FIGURE 20. SLOW/FAST TIMING OVERVIEW 
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Slow/Fast Mode Control 

The HS-82CSSARH programmable peripheral interface can 
be used to provide slow/fast mode control by connecting one 
of the pat pins directly to the SLO/FST pin (See Figure 21). 
With the port pin configured as an output, software control of 
the SLO/FST pin is provided by simply writing a logical one 
(FAST mode) or logical zero (SLOW Mode) to the 
corresponding port. PORT C is well-suited fa this fuiction 
due to its bit set and reset capabilities. 



FIGURE 21. SLOW/FAST MODE CONTROL USING HS-82CS5RH 
PERIPHERAL INTERFACE 


Alternate Operating Modes 

Using alternate modes of operation (slow, stop-dock, stop- 
osallator) will reduce the average system operating power 
dissipation In a static CMOS system (See Table 2). This 
does not mean that system speed a throughput must be 
reduced. When used appropriately, the slow, stop-dock, 
stop-oscilator modes can make your design more power- 
effident while maintaining maximum system performance. 


TABLE 2. TYPiCALSYSTEM POWER SUPPLY CURRENT FOR 
STATIC CMOS OPERATING MOOES 



FAST 

SLOW 

STOP- 

CLOCK 

STOP- 

OSC 

CPU Frequency 

5MHz 

20 KHz 

DC 

DC 

XTAL Frequency 

15MHz 

15MHz 

15MHz 

DC 

too 



HS-80C86RH 

50mA 

2.5mA 

250|>A 

250mA 

HS-82C85RH 

24.7mA 

16.9mA 

14.1mA 

24.4,iA 

HS-B2C08RH 

1.0mA 

IO.OjiA 

I.OjiA 

I.OpA 

B2C82 

1.7mA 

6.5mA 

1-OjaA 

I.OpA 

HS-82CS4RH 

943.0mA 

915.0pA 

l.OyA 

1.0mA 

HS-82C55ARH 

3.2|iA 

1.2*iA 

I.OjtA 

I.OyA 

74HCXX* Other 

2.9mA 

IIO.OjiA 

90.0mA 

90.0yA 

HS-65262RH 

4.0mA 

SO.OpA 

10.0pA 

10.0mA 

HS-6617RH 

6.3mA 

52.5|iA 

1 2.0mA 

12.0J1A 


NOTE: All measure mares taken at room temperature. VDO - +5.0V. 
Power supply current levels wfll be dependent upon system 
configuration and frequency of operation. 


Oscillator 

The oscillator circuit of the HS-82C85RH Is designed 
primarily for use with an external parallel resonant, 
fundamental mode crystal from which the basic operating 
frequency Is derived. The crystal frequency must be three 
times the required CPU clock. XI and X2 are the two crystal 
input connections. The output of the osallator is buffered 
and available at the OSC output (pin 18) for generation of 
other system timing signals. 

For the most stable operation of the oscilator (OSC) output 
circuit, two capacitors (Cl - C2) are recommended. 
Capacitors Cl and C2 are chosen such that their combined 
capacitance matches the load capacitance as specified by 
the crystal manufacturer. This insures operation within the 
frequency tolerance specified by the crystal manufacturer. 

The crystal/capacitor configuration and the formula used to 
determine the capacitor values are shown in Figure 22. 
Crystal Specifications are shown In Table 3. For additional 
information on crystal operation, see Harris publication Tech 
Brief 47. 



CT« C1 (Including stray capacitance) 
Cl +C2 

FIGURE 22. CRYSTAL CONNECTION 


TABLE 1 CRYSTAL SPECIFICATIONS 


PARAMETER 

TYPICAL CRYSTAL SPECIFICATION 

Frequency 

2.4MHz ID 15MHZ 

Type of Operation 

Paralel Resonant Fund. Mode 

Load Capacitance 

20pF or 32pF 

R SERIES (Max) 

56tl (f ■ ISMHz, CL ■ 32pF), 

105Q (f - ISMHz, CL - 20pF) 


Frequency Source Selection 

The F/C input Is a strapping pin that selects either the crystal 
oscillator or the EFI input as the source frequency for dock 
generation. If the EFI input is selected as the source, the 
osallator section (OSC output) can be used independently 
for another dock source. If a crystal is not used, then crystal 
input XI (pin 23) must be tied to VDD or GND and X2 (pin 
22) should be left open. If the EFI mode is not used, then EFI 
(pin 20) should be tied to VDD or GND. 
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Clock Generator 

The clock generator consists of two synchronous divide-by- 
three counters with special clear inputs that Inhibit the count¬ 
ing. One counter generates a 33% duty cycle waveform 
(CLK) and the other generates a 50% duty cycle waveform 
(CLK50). These two counters are negative-edge synchro¬ 
nized, with the low-going transitions of both waveforms 
occurring on the same oscillator transition.The CLK and 
CLK50 output fr eque ncies are one-third of the base Input 
frequency when SLG/FST is high an d are equal to the base 
input frequency divided by 768 when SLO/FST is low. 

The CLK output is a 33% duty cycle dock signal designed to 
drive the HS-80C86RH microprocessor directly. CLK50 has 
a 50% duty cyde output synchronous with CLK, designed to 
drive coprocessors and peripherals requiring a 50% duty 
cyde dock. 

PCLK Is a peripheral dock signal with an output frequency 
equal to the oscilator or EFI frequency divided b y 6. P CLK 
has a 50% duty cyde. PCLK is unaffected by SLO/FST. 
When the HS-82C85RH is placed in the STOP mode, PCLK 
wil re main in its current state (logic high or logic low) until a 
RES or START command restarts the HS-82C85RH dock 
circuitry. PCLK Is negative-edge synchronized with CLK and 
CLK50. 

Since PCLK continues to run at the same frequency 
regardless of the state of the SLO/FST pin. It can be used by 
other devices in the system which need a fixed high 
frequency clock. For example, PCLK could be used to dock 
an HS-82C54RH programmable interval timer to produce a 
real-time clock for the system or as a baud rate generator to 
maintain serial data communications during SLOW mode 
operation. 

Clock Synchronization 

The dock synchronization (CSYNC) input ailows the output 
clocks to be synchronized with an external event (such as 
another HS-82C85RH clock signal). CSYNC going active 
causes all clocks (CLK. CLK50 and PCLK) to stop In the 
HIGH state. 

It is necessary to synchronize the CSYNC Input to the EFI 
clock using two flip-flops as shown In Figure 23. Multiple 


external flip-flops are necessary to minimize the occur¬ 
rence of m eta stable (or indeterminate) states. 

Ready Synchronization 

Two RDY inputs (RDYT, RDY2) are provided to accommo¬ 
date two syste m bus es Ea ch RDY input is qualified by its 
corresponding AEN input (AEN1, AEN2). Reception of a 
valid RDY signal causes the HS-82C85RH to output READY 
high, informing the HS-80C86RH that the pending data 
transfer may be conduded. (See HS-80C86RH data sheet 
system timing). 

Synchronization is required for all asynchronous active¬ 
going edges of either RDY input to guarantee that the RDY 
set up and hold times are met Inactive-going edges of RDY 
in normally ready systems do not require synchronization 
but must satisfy RDY setup and hold as a matter of proper 
system design. 

The ASYNC Input defin es two m odes of RDY synchroniza¬ 
tion operation. When ASYNC is LOW. two stages of 
synchronization are provided for active RDY input signals. 
Positive-going asynchronous RDY inputs will first be 
synchronized to flp-flop one at the rising edge of CLK 
(requiring a setup time TR1VCH) and then synchronized to 
flp-flop two at the next falling edge of CLK, after which time 
the READY output will go HIGH. 

Negative-going asynchronous RDY inputs will be synchro¬ 
nized directly to flp-flop two at the falling edge of CLK, after 
which time the RDY output will go Inactive. This mode of 
operation Is intended for use by asynchronous (normally not 
ready) devices in the system which cannot be guaranteed by 
design to meet the required RDY setup timing (TR1VCL) on 
each bus cycle. 

When ASYNC is high or left open, the first RDY flip-flop is 
bypassed in the RDY synchronization logic. RDY inputs are 
synchronized by flip-flop two on the fating edge of CLK 
before they are presented to the processor. This mode is 
available for synchronous devices t hat can b e guaranteed to 
meet the required RDY setup time. ASYNC can be changed 
on every bus cyde to select the appropriate mode of 
synchronization for each device in the system. 



FIGURE 23. CSYNC SYNCHRONIZATION METHODS 
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Metallization Topology 

DIE DIMENSIONS: 

2770pm x 3130pm x 483pm ± 25pm 

METALLIZATION: 

Type: Al/Sl 

Thickness: 11kA±2kA 

GLASS IVATION: 

Type: Si02 
Thickness: SkA ± IkA 

WORST CASE CURRENT DENSITY: 
1.6 x 10 4 A/cm 2 


Metallization Mask Layout 


HS42C35RH 
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Style R, 1/2 R & R-Expanded Receptacle 8477 / 


_rz 


_ n vi_ 1 




=!* 


T t LC 

1 y—: ■ n _vr 


r 

j. 

ioc;a 1 

7 > V /j 

w ,4 


M 1 

1 

1 tot "* Arrm-*<Ct *+4 

* 0C»"mm3 

*r- -r* 

'CD 


fTbr 


; I 1-fK7*» C -- 


=H 


a*} <>*■ kc 1 I 
;i.«j iscai"* 

hou ►♦m** 


I f 


inverted 

3-Row 



ORDERING CODE Typical Example 


PREFIX' 


iEB 


8477 


20-SOCK FT WITHOUT rfSVfvO 
22 SOCKET W.TH KEVt'O 

25-30C*£T WTH SCAPO CLIP =OP 062* (1 Vnrrt) 8GAPD WITHOUT KEYING 

27-SOCKET WTH 8CAP3 flETtSTiON CUP 'OR 062’ (1 &rm) BOARD WITH K£Vis<3 


SERIES 1 

lnv«o*d OlN. Sty* P A ’.*? « A •*p*nfl«d 

NUMBER OF CONTACT CAVITY POSITIONS 


NO. contact POSITIONS 

CONTACT ROWS 

A 

3 

c 

0 

E | 

048 

3 (3 X 16} 

15 

1 -500 

fW.10) 

2.122 

iw.ec) 

1 900 
(48,28) 

1.744 
, 144,30) 

096 

3 (3 X 32) 

31 

3.100 

J&2SL- 

3.697 

(93.90) 

|S 

3343 

s±m 

ISO 

3 (3 X 50) 

49 

4,900 
fl24,46) | 

5.496 

(139.60) 

5 300 
034 02) 

6.142 

(130.$1) 


CONTACT DESIGNATION CODE 


COO« NO. 


DESCRIPTION 

TERMINAL 
LENGTH - Y 

002 

§ 

Right angla P C coniici 

SO. terminal 

111 

(3.00) 

006 

i 

«*gw-sngi* P C- contact 
012(000* 031 (079) 
terminal 

.111 

(3.00) 



R^nt-angla P.C. contact 

.177 

aw 

§_ 

012(0,30* 001 (0,79) 

tarminW 

(4-50) 


CODE NO. 


DESCRIPTION 

TERMINAL 

LENOTHsY 

012 

i 

flight-angle PC contact 
square tarminaJ 

.177 (440) 

0C6 

§ 

Right-angle wnre wrap 

.450 (11,4) 


VARIATION CODE 



Gold AM Over 

Gold Contact Area, 
TWLaad Terminal 


CllM 

DIN 41012, 

OOMM H ' 

0IN 41012 
Clan 111 

.DIN 41612 
CiaieH 

DIN 41612 
Cl*** H( 


Cycla LHe 

400 Cydee 

SO Cycles 

400 Cycsa* 

50 CycNa 



Variation C< 

>d* Number! 

Cor*t« Loadlrw PoaWon* 


097 • 

075 _ __ ... 

026 

001 

RJV loaded .100 (244) grid •* 


c*/>A. 

074 


002 

how aac ■ 

lod n.s*i x.200 fs.ortortd • >r r ‘ 


NOTE: Ft* aitamaia lotting 
•nd pitting, please oonttci 

factgry. 

Shaded variation* 
recommended for standard 
application*. 

Available through ELCO 
franchned dl**dbuiOfS. 


51 
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MOTOROLA 


-NEW- 


Tuning, Hot-Carrier and Switching Diod 


Abrupt Junction Tuning 
Diodes , 

Motorola suppties votogevanable capantonce Axles 
serving the entire range ot frequencies from HF 
through UHF. Used in Rf recwws and transmitters, 
they have a variety of applications 

Two tamSes of devices are available: Abrept Junction 
and Hyper Abrupt Junction. The Abrupt Junction 
family indudes devices suitable for vrtfliy all tuned- 
circuit and narrow-range tuning applications 
throughout the spectrum. 

General Purpose Plastic abrupt Teaiif Diodes 
Capacitance Ratio O 2.0 Vo fa/30 Vote 
Case 182-TO-226AC (TO-92) — 2-Ltad 
The tolowmg is a feting of plastic padaqe, general- 
purpose. abrupt tuning diodes. These devices exhibit 
high 0 characteristics. 


CASE 112 
TO-22SAC 
(70-92) 


CASE 310-07 
TO- 236 AB 
SOT-23 



Type 

Ci9VMJV,1.0MKz 

Vn»# 

(V) 

Cap. Rate 
C4C30 

Mia. 

Q 

4.0 V, 50 MHz 

Typ. 

m 

Mia. 

(P*> 

Hoowto 

£ 

MV2101 

6.1 

6.8 

7.5 

30 

2.5 

400 

MV2104 

10.8 

12.0 

13.2 

30 

2.5 

350 

MV2108 

24.3 

270 

29.7 

30 

2.5 

250 

MV2109 

29.7 

33.0 

36.3 

30 

2.5 

200 

MV2111 

42.3 

47.0 

51.7 

30 

2.5 

150 

MV2115 

90.0 

100 0 

110.0 

30 

2.6 

100 


Abrupt Twang Diodes tor FM Radi* — Dnf 
Casa 29-04 — TQ-22SAA (TO-92) 


Mtr.'i 

Type 

Crew 

Cap Rate 

Q 

Vwx 

(V) 

i Device 
Marking 

Style 

£ 

£ 

(V) 

C3/C30 

Hip. 

3.0 V. 50 MHz 
Min. 

MV 104 

37 

42 

3.0 

2.5 

100 

32 

- 

15 

Abrupt TMtef Diodes tor FM Radio — 0 

Cm 318-57 — TO-238 AS (SOT-23) 







MMBV432LT1 

1 43 1 

48. 1 

CE! 

f ,y 1 

: too 

1 14 1 

M4B 

1 9 


-C2A3.'Each Diode. 


Hot-Carrier (Schottky) Diodes 


Hot-Camer diodes are ideal for VHF 
and UHF mixer and detector 
appicalions as r«l as many higher 
frequency applications. They 
provide stable electrical 
characteristics by eliminating the 
port-contact diode presently used 
n many applications 

Hot-Carrier (Schottky) 
Diodes 

Case 182 — T0-226AC (TO-92) 
The following is a listing of hot 
carrier (Schottky) diodes that 
exhibit low forward voltage drop 
tor improved circuit efficiency. 


1 

m 


CASE 182 
TO-22SAC 
(70-92) 


CASE 318-07 
T0-238AB 
SOT-23 


STYLES 

--W-01 

single 
STYLE 11 


STYLE 9 

M T-* - 




COUUON CATVtOOe 


- Mr.'s 

Type 

Vw 

(V) 

CrOPe 

£ 

VrOUtoA 

& 

hOVx 

(nA) 

Max. 

Minority 

Lifetime 

(P*)Typ. 

Device 

Marking 

Style 

MBD701 

70.0 

1.0 0 20 V 

1.0 

200 0 35.0 V 

15 

— 

1 

MBD301 

30.0 

1.5 015 V 

0.6 

200 0 25.0 V 

15 

— 

1 

MBO101 

7.0 

t.OOOV 

0.6 

250 0 3.0 V 


— 

1 


Can 31M7 - TO-Z36AB (SOT-23) 


MMBD701LT1 

70.0 

1.0 0 20 V 

1.0 

200 0 35.0 V 

15 

5H 

n 

MMB0301LT1 

30.0 

1.5015V 

0.6 

200 0 25.0 V 

15 

4T 


MMBD101LT1 

7.0 

I.OOOV 

0.6 

250 0 3.0 V 


4M 

JHIjm 

MMB0352LTV 

7.0 

10OGV 

0.6 

250 0 3.0 V 

— 

M5G 

11 

MMBC354UT 

7.0 

1 QOOV 

0.6 

2500 3.0 V 

— 

M6H 

9 


Hyper Abrupt Junction Tuning Diodes 




CASE 318-07 
TO-236A8 
SOT-23 


-M- 



CASE318E 

SOT-223 


—O 1 
Anode 

' STYLE 8 . STYLE 2 I 

Tuning Diodes — Hyper-Abrupt Junction 

The Hyper-Abrupt tenly exhibits higher capacitance, and a much larger capacitance ratio, ft is parbciiarty we« suite 
wtier-renge apptation such as AMfM radio and TV tuning. 

Hypar-Abnipt Tuning Diates For Tetocamnwaicaboai — Single 

Cm 182-ToStC (TO-92) _ 

The foiowing is a feting of hyper-abrupt tuning diodes rtended tor high frequency, FM ratfio, and TV tuner appfcaflo 


Mtr.’s 

Typ« 

Cr 0 V* (tol.l MHz) ] 

Cap. Rate 9 Vr i 

! Q 




£ 

£ 

00 

Mia. 

Max. 

00 

3.0 V 

Ml*. 

50MHz : 
Max ; 

• (■IP 

(V) 

Marting 

St 

MV209 

26.0 

32.0 

3.0 

5.0 

6.5 

3/25 

200 

- ! 

30 

- 



Hyper-Abnipl Tuning Wert* Far Tetoeamrmrtatiom — Stogie 
Cm 318-07 — T0-Z3IAI (f- 


R (SOT-23) 


MM8V105GLT1 

MMBV109LT1 

MMBVA09LT1 

MM8V3102LT1 


1.8 

2.8 

25.0 

4.0 

60 

3/25 

200 


30 

M4E 

26.0 

32.0 

3.0 

5.0 

6.5 

3/25 

200 

— 

30 

M4A 

26.0 

32.0 

3.0 

1.5 

2.0 

3/8 

200 

— 

20 | 

X5 

20.0 

.25.0 

3.0 

4.5 

— j 

3/25 

200 


30 ! 

M4C 


Hypar-Abnrt Tuning Dtodes For Caa 

Cm 318-flr — T0-Z36AI (SOT-23) _ 

MM8V609U1 | 26.0 |‘32.0 | 3.0 | 1.8 | 2.4 [ 3/3 \ 250 | — | 20 ] 5L | 

Hypar-Abrapt Taring Dtodes Far Law Frequency AppflcaOoai— Single 

Cm 182 — T0-22SAC (TO-92) _ (| 

The (blowing is a fetrg of AM. hyper-abrupt tuning diodes that have a large capacity range and redesigned to 


Mr’s 

Typ* 

Ci 91.1 MHz 

Cap. Rate 9 Vr 

VOQR 

00 

sr* 

_1 

£ 

£ 

(V) 

We. 

00 

MVAM108 

440 

560 

1.0 

15 

1.0/8.0 

12 

! 

MVAM109 

400 

520 

1.0 

12 

1.0/9.0 

15 


MV AM115 

440 

560 

1.0 

15 

1.0/15.0 

18 


MV AMI 25 

440 

560 

1.0 

15 

1.0/25.0 

28 

M 


Hyper-Abrupt HJgb CapadtaaceVrta^e Variable Wort — Sartm Mount 


Pinout 1 — Anode, 2i 4—Cathode, 3 — HC, (Can 318E — SOT-223) < 

The totowwg are high cmotonce votage vanabie diodes intended tor low frequency applications and circuits req- 
large tuning capacitance. 


Mt.x 

Type 


la 

nA 

Cr 9 W1.0 MHz 

Cap. Rate 
MUa. 

0 

Min. 


(PF) 

Mia. 

£ 

Style 

MV7005T1 

MV7404T1 

15 

12 

100 

100 

400 

96 

520 

144 

12’ 

10* 

150 1 

200* 

2 

2 


'Vfel 0 V/Vx=9.0 V. ^*=2.0 V/Vn* 10 V. Y*»1.0 V. f*1.0 MHl V*=2.0 V. M 0 MHl 


Switching Diodes 


Smal-sigrtal switching diodes are intended for low current switching and steering applications. Hot-Carrier. PIN and 
general-purpose cbodes aBow a wide selection for specific application requirements. 

PIN Switching Diodes 

Ca» 182 —TO-228AC (TO-92) 

The foiowing PIN (fades are designed tor Vftf band switching aid general-purpose low current switching appAcabons. 


T 




Mr.'s 

Type 

V«i» 

Cr 9 Vr 91.0 MHz 

hevR 

Series 

Device 

Marking 

Style 

SL 

£ 

00 

(«A) 

Max. 

£ 

MPK3700 

200 

1.0 

20 

0 1 0 150 

1.000 10mA 

_ 

1 

MPN3404 

20 

2.0 

15 

0.1 0 25 V 

0.85 0 10 mA 

__ 

1 


CASE 182 
TO-228AC 
(TO-92) 


—O 1 
Anode 


CASE 318-07 
T 0-238 A B 
SOT-23 

STYLE 8 1 

10 -W- 03 


“"T* 


COMMON CATHOOE 

l STYLE 12 

-O 2 1 O- \4 —1—W" 


COMMON ANOOE 


758 -4 AWED 


Need Larger Quantity Prices? Call 1-800-433-5700 For Promot Handli 













Resistors 


OHMITE 


,,5 treous Enamel Molded 
ewound Resistors 

8 —i h a—•+•- 1S ' — 

^^ 1__ l (38,1 mm) 

nr 


Dimensions 


Power 

Rating 

Max. Length-A | 

Max. Dia.-B 

Leads 

Ga. 

Weight 

(0) 

In. 

mm 

In. 

mm 

IV2W 

.437 

11.1 1 

.140 

3.6 

24 

.50 

2V4 W 

.390 

9.9 

.219 

5.6 

20 

.80 

3V«W 

.562 

14.3 

.234 

5.9 

20 

1.20 

5 W 

.953 

24.2 

.234 

5.9 

20 

1.80 

11 W 

1.796 

45.6 

.343 

8.7 

20 

6.40 


Features 

► Molded Construction Provides Consistent Shape And 
Size (Permits Mounting in Clips Which Extends Power 
Rating) 

► Meets Mil-R-26 Requirements For insulated Resistors 

► All-Welded Construction 

► Flame Resistant Vitreous Enamel Coating 

► 5% Tolerance 

Molded construction provides consistent shape and size 
which permits mounting in clips to extend power rating. 
Mechanical integrity is enhanced by the ail-welded 
construction and the vitreous enamel coating is flame 
resistant. The durable vitreous enamel coating, which is 
silicone-free, permits the resistors to njaintain a hard 
coating while operating at high temperatures. Ceramic core 
with solder coated axial leads. 


Vk Watts 


Stock 

Mtr.'s 

Ohms 

EACH 

No. 

Type 

1-49 

50-99 

.96-0655 

91J1R0 

1 

3.55 

3.02 

296-0656 

91J1R5 

1.5 

3.55 

3.02 

296-0657 

91J2R0 

2 

3.55 

3.02 

296-0660 


msm 

3.55 

3.02 



ra 

3.55 

3.02 

296-0659 

91J3R3 

mm 



296-0661 

91J10R 

10 

2.80 

2.38 

296-0662 

91J15R 

15 

2.80 

2.38 

296-0663 

91J18R 

18 

2.80 

2.38 

296-0664 

91J22R 

22 

2.80 

2.38 

296-0666 

91J33R 

33 

2.80 

2.38 

296-0667 

91J36R 

36 

2.80 

2.38 

296-0668 

91J47R 

47 

2.80 

2.38 

296-0669 

ilFH 

50 

2.80 

2.38 

296-0671 

91J75R 

75 

2.80 

2.38 

296-0672 

91J91R 

91 

2.80 

2.38 

296-0665 

91J100 

100 

3.08 

2.62 

296-0673 

91J120 

120 

3.08 

2.62 

296-0674 

91J180 

180 

3.08 

2.62 

296-0678 

91J220 

220 

3.08 

2.62 

296-0677 

91J270 


KIT 

2.62 

296-0678 

91J330 


i;. 

2.62 

296-0679 



: 

2.62 

296-0681 

91J620 


K) 1*. 

2.62 

296-0682 

91J820 


Kl 

2.62 

296-0670 



K]|f 

2.68 

296-0683 

91J1K2 


m [K 

2.68 

296-0684 

91J1K5 


K11 

2.68 

298-0686 

91J2K0 


m [(, 

2.68 

296-0687 

91J2K2 



2.68 


[ 2V< Watts 


296-0688 

296-0689 

296-0691 

296-0692 

296-0693 

m 

1 

Wt 

1.47 

1.47 

1.47 

1.47 

1.47 

" 296-0694 

92J3R3 


wsm 


296-0696 > 


■rfl 

KIRK 


296-0697 

92J4R7 

SSI 



296-0698 

92J7R5 

mm 

■ 


296-0699 

92J10R 

_ 1° 

BE9 

1.23 


2V* Watts (continued) 


Stock 

Mtr.’j 


EACH 

No. 

Type 

Ohms - 

1-49 

50-99 

296-0701 

92J15R 

15 

1.45 

1.23 

296-0702 

92J22R 

22 

1.45 

1.23 

296-0703 

92J47R 

47 

1.45 

1.23 

296-0704 

92J62R 

62 

1.45 

1.23 

296-0706 

92J100 

100 

1.45 

1.23 

296-0707 

92J120 

120 

1.45 

1.23 

296-0708 

92J180 

180 

1.45 

1.23 

296-0709 

92J220 

220 

1.45 

1.23 

296-0711 

92J270 

270 

1.45 

1.23 

296-0712 

92J330 

330 

1.45 

1.23 

296-0713 

92J390 

390 

1.45 

1.23 

296-0675 

92J470 

470 

1.45 

1.23 

296-0714 

92J510 

510 

1.84 

1.56 

296-0716 

92J680 

680 

1.84 

1.56 

296-0717 

92J820 

820 

1.84 

1.56 

296-0718 

92J1K0 

IK 

2.11 

1.79 

296-0680 

92J1K2 

1.2K 

2.11 

1.79 

296-0685 

92J1K8 

1.8K 

2.11 

1.79 

3V« Watts 

296-0690 

93J1R0 

1 

1.44 

1.22 

296-0695 

93J2R0 

2 

1.44 

1.22 

296-0722 

93J3R0 

3 

1.44 

1.22 

296-0700 

93J4R7 

4.7 

1.44 

1.22 

296-0723 

93J5R0 

5 

1.44 

1.22 

296-0724 

93J10R 

10 

1.21 

1.03 

296-0726 

93J15R 

15 

1.21 

1.03 

296-0727 

93J16R 

16 

1.21 

1.03 

296-0728 

93J22R 

22 

1.21 

1.03 

296-0729 

93J33R 

33 

1.21 

1.03 

296-0731 

93J39R 

39 

1.21 

1.03 

296-0732 

93J47R 

47 

1.21 

1.03 

296-0705 

93J50R 

50 

1.21 

1.03 

296-0733 

93J68R 

68 

1.21 

1.03 

296-0734 

93J82R 

82 

1.21 

1.03 

296-0710 

93J100 

100 

1.21 

1.03 

296*0736 

93J120 

120 

1.21 

1.03 

296-0737 

93J130 

130 

1.21 

1.03 

296-0738 

93J150 


1.21 

1.03 

296-0739 

93J180 


1.21 

1.03 

296-0715 

93J220 

220 

1.21 


296-0741 

93J270 

270 

1.21 

1.03 

296-0742 


330 

1.21 


' 296-0743 

mm 

390 

1.21 


296-0744 

93J470 

m 

KfTK 

1.03 

296*0748 

93J510 

j^ETjK 

Kv£S 

1.32 

296-0747 

93J680 


KfftV 

1.32 

2960748 

93J820 


Kv£S 

1.32 

2960720 

93J1K0 


mwim 

1.50 

296-0749 

93J1K8 


msM 

1.50 

2960751 


2K 

1.76 

1,50 

2960725 

93J2K4 

2.4K 

1.76 

1.50 

2960752 

93J3K3 

3.3K 



2960753 

93J4K0 

4K 

HI 


2960754 

93J4K7 

4.7K 

El 


2960758 

m 

5K- 

2.48 

2.11 

2960730 

93J5K6 

5.6K 

2.48' 

2.11 

2960735 

93J6K8 

6.8K 

2.48 

2.11 

2960740 

93J10K 

10K 

2.48 

2.11 

5 Watts . 

2960745 

n 

T 

1 1.72 

1.48 

2960757 

95J1R2 

1.2 



2960758 

9532R0 

2 



2960759 

95J2R4 

2.4 



2960761 

95J3R0 

3 



2960762 

95J3R3 

3:3 " 

1.72 

1.46 

2960766 

95J4R0 

4 

1.72 

1.48 

2960750 

95J5R0 

. 5 

1.72 

t.48 

2960755 r 

95J6R8 

- 6.8 

1.72 

1.4® 

2960760 

95J10R 

10. 

1.52 

, 1.29. 

2960764: 


15 

152,- 

1.29 

2960766 

§j#k| 

18 

1.52 

1.26 

2960767 


22 

1.52 

1.29: 

2960768 

95J25R 

25 

1.52 

1.29 

2960769 

95J30R 

30 

1.52 

1.29 


5 Watts (continued) 


Stock 

Mtr.’s 


EACH 

No. 

Type 

Ohms 

1-49 

5699 

296-0765 

95J33R 

33 

1.52 

1.29 

296-0771 

95J39R 

39 

1.52 

1.29 

296-0772 

95J40R 

40 

1.52 

1.29 

296-0770 

95J50R 

50 

1.52 

1.29 

296-0773 

95J62R 

62 

1.52 

1.29 

296-0774 

95J75R 

75 

1.52 

1.29 

296-0776 

95J82R 

82 

1.52 

1.29 

296-0775 

95J100 

100 

1.52 

1.29 

296-0777 

95J120 

120 

1.52 

1.29 

296-0778 

95J150 

150 

1.52 

1.29 

2960779 

95J180 

180 

1.52 

1.29 

2960781 

95J200' 

200 

1.52 

1.29 

2960782 

95J220 

220 

1.52 

1.2*- 

296-0783 

95J250 

250 

1.52 

1.29 

2960784 

95J270 

270 

1.52 

1.29 

2960786 

95J330 

330 

1.52 

1.29 

296-0787 

95J400 

400 

1.52 

1.29 

2960788 

95J470 

470 

1.52 

1.29 

2960780 

95J1K0 

IK 

1.84 

1.56 

2960789 

95J1K2 

1.2K 

2.14 

1.82 

2960791 

95J1K5 

1.5K 

2.14 

1.82 

2960792 

95J2K0 

2K 

2.14 

1.82 

296-0785 

95J2K5 

2.5K 

2.50 

2.13 

2960793 

95J3K0 

3K 

2.50 

2.13 

2960794 

95J3K3 

-3.3K 

2.50 

2.13 

2960796 

95J4K7 

4.7K 

2.50 

2.13 

2960790 

95J5K0 

5K 

3.04 

2.58 

2960795 

95J5K6 

' 5.6K 

3.04 

2.58 

2960797 

95J6K0 

6K 

3.04 

2.58 

2960800 

95J10K 

10K 

3.04 

2.58 

2960805 

95J12K 

12K 

3.04 

2.58 

296080T 

95J15K 

15K 

3.04 

2.58 

2960810 

95J16K 

16K 

3.04 

2.58 

2960803 

95J18K 

18K 

3.04 

2.58 

2960815 

95J20K 

20 K 

3.63 

3.09 

2960806 

95J25K 

25K 

3.63 

3.09 

11 Watts 

. 




2960605 

9OJ5R0 

mm 

2.31 

1.96 

2960597 

90J10R 


2.31 

1.96 

2960598 

90J11R 

■1 

2.31 

k 1.96 

2960599 

90J15R 

S9 

2.31 

1.96 

2960609 



2.31 

1.96 

2960611 



2.31 

1.98 

2960612 

90J25R 

mm 

2.31 

1.96 

2960613 

90J30R 



1.96 

2960610 

90J33R 

■1 

K FTK 

: 1.96 

2960614 

90J47R 

mm 

KmI 

1.96 

2960616 

90J50R 

HI 

m n 

1.98 

2960615 

90J62R 


EEB 

1.96 

2960617 

90J75R 

75 

2.31 

1.96 

2960618 

‘ 90J82R 

82 

2.31 

1.96 

2960620 

KihITum 


2.28 

1.94 

2960621 

KotikM 

KB 

2.28 

1.94 

2960622 

90J150 

150 

2.28 

1.94 

2960633 


220 

2.28 

1.94 

2960634 

I 90J270' 

IBI 

2.28 

1.94 

2960625 

BMfl 

330 

2.28 

1.94 

2960636 



2.61 

2.22 

2960637 

90J1K0 

IK 

2.92 

2.48 

2960638 

90J1K2 

1.2K 

2.92 

2.48 

2960639 

•' 90J1K3 

1.3K 

2.92 

2.48 

2960641 

;.90J1K5 

1.5K 

2.92 

2.48 

2960642.- 

SKI 

it 2 k; 

2.92 

2.48 

>■ 2960638U 

. (-90J2K5 

• 2.5K 

3.29 

2.80 

raffias 

90J5K0 
^90J7K5 - 

' 5K\ 

; ‘7.5K( 

,3.85 

3.85 

3.27 _ 
3.27 ^ 


f.‘,90J10K: 


3.85 «. 

- 3.27 r. 

2960644 * 

‘ ,, 90J12K’ 

121c 

3.85 

3.27 

2960640' 

s 90J15K 

:15K*‘ 

i 3;B5 

- 3.27'/: 

296-0640 

^90J18K5 

agfrra 

r 3.86* 

*127- 

296064$' 

C 9OJ201C' 


r? 4.46 

: 3.79. ~ 

296-0643 

59CU25K-- 

25K- 

t 4.48 

ill* 


m ; 90J27K' 

; . 27IC 

4.46 * 

3.79 

296064^ 

Ml 

. ! 30)C 

4.48 

l 3.76 

296-0646 

f, 90U33K 

33K 

4.48 

«3.79‘ 

2960650 

f. ; 9GJ50K: 

‘ 50K 

! 4.48* 

3.76 


AtLIEIk* 451 


i Alt Items Listed Are In Stock fte3tfy For Shipment'To, You i 
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Microprocessor Crystals, Crystal!!* 


Microprocessor Crystal Units 

' . 


= :(3aa^; ^.n9s-*.\' 

«>-»$ y •* V 


■frype B“HC-33AJL_iiJ: 
•TypeA HC-taOJ 
'TypeC HG45A1 \ 




* Frequency Stabity -^ ". 
j'empetabai^^nc to 1 70* CT-T^j 


Agmo'. ijCV 


toad Capable ' at.f-; 
Shunt Capadtoncc : "j; * ; 


Drive Lewi - 


* T.OOO\tHz - ; 4.000 MHz" 
T ~ 1.800 MHz - 300.000 MHz* 
; - 3579545 MHz-30(^000MHz. 


i~J30ppmty?(*50ppm mix)- 

" T "' . • t-*"’ V ^'.L-CU^e 

± 50 ppm typ U 1i» PP™ ™x). I is; 




1 5 ppm /year j - 


12 to 32 pF 


: ■ ~ g ; SJFw 


7pFma* 


ImW;; 




■ - 


Part Numbering System 

Exafolt: 63.^7954618 


KSS9KBS 

tggklftB} p 

i 

c 3579545 

*•; 

:1l ' 

E 

HolderJyp* ’ 

,. 

Ftequency. vf , . 


•toad Capadtancs, . 

c 

A - HC-49AF- .!» • 

y 

• • . On MHz) ‘ 


. (12pF-32pF)Fw 


8%HC*33Ai; Si. 

t : 

■ v ■* •' * i: • 

■ 

PkraJW Resonanca 

, v 

c %45Aj ' 

*... 

*>- vl 


i vV: 

—4 

tsrfft: HCMStJSUD 

\ 3. 



* r-5of. Series J 1 . 

SSI 





-flesonancp ''— - * * 

rt v> v ■ . l 




: 


i •' % r, y,. •: 


"... i.f' 

t 

• p -: 


i:lu-- 

• : -r 


• v-v?--:-, 

~v*■* 

Enaalec 


i o^saf' 


3B0-.T 

SS-Pbstto Spicer*': 


(ForowreOMKHMy) 

30T • 3rdI Overtone 
5CFT - 5th Overtone 
TOT - 7tti <>wtons 
9CT • 9th Owrtooe 


Stock 

Ntr 

Mfc-1 

C Typo •- 

ft»6. 

i»b)- 

UaMw 

Q* 

| EACH 

T4I 

106-Up ~ 

996-4109 

A-liJOO-16 

1000000 

HC44U 

V — 

147 



A^18432-T6' r 

1J343200 


too 

2.5f 

'2.21 

9964121 

A-2j457W8i. 

2.457600 

HC49AJ 

400 

271 

1.99 

9964138 

A-3579545-18 

3.S79&45 

HCW 

;i80 

1.17 

1.05 

9964148 

A16864-18 -. 

3.686400 

HC49AJ 

160 

178 

1.01 

9964158 

A-4^00-18 ‘V, 

4 000000 

HC49AJ 

100 

171 

1.18 

9964198 

A~f096-1S o i 

4 096000 

HC49AJ 

100 

171 

1.08 

9964178 

A4594304-18' 

4L194304 

HC4WJ 

.100 

171 

1.88 

9964118 

A4.000-16 : ; 

eoooboo 

HC49/U 

'^50 

178 

1.08 

9964198 

A-6.144-18 

6.144000 

HC40AJ 

lo 

178 

1.18 

9964298 

A-75728-ir 

7J72800 

HC49/U 

40 

178 

1.88 

9964219 

A-8.Q00-18 

8.000000 

HC49AJ 

35 

178 

1.88 

9964229 

A-95304-18 

9.830400 

HC49AJ 

35 

179 

1.88 

9964238 

A-11.0592*18'' 

11.05920 

HC49AJ 

~e<r 

-179 

1.88 ’ 

9964248 

A-120000-18 

12.00000 

HC49A1 

30 

179 

1.88 

9964258 

A-12288'18 

1228800 

HC49AJ 

•^0. 

1.38 

1.17 

9964268 

/(-14J31818-18 

14^1618 

HC49AJ 

-25 

| 1.38. 

1.17 

996-S27I. 

A-14.7456-18. 

1474560 

HC49/U 

1-25.: 

178 

1.17 : 

9964288 

A-11000^18 • 

tiooboo 

HC49AJ 

25 

; 178 

1.17 

9964291 

A-16.00^18 _ 

16JW000 

HC49AJ 

_25 

1-J8 

1.17 

9964308 

A-1^432-18 

18.43200 

HC44U 

■20 

178 

. 1.17 .. 

9964311 

A-20J0O-18^' 

20.00000 

HQ49rti 

:2Q 

.178. 

1.17 

9964»0 

A-24^000-18-^ 

24 00000 

HC49AJ 

20 

1.38 

1.17 

9914338 

A-24J760-18 ; 

24.57600 

HC4VU 

40 

178 

1.17 


W : -.;v 


-■ HC-49A)- 

RESISTANCE WBLD 



f.M (4.88 mm) 


P 1 


.A^rnax 


(ll^rnrnj 


. , . V' 

- “ - u,C 

It.’ .c ■; 

r : k 

-?i — 


Clock Oscillators - TTL Compatible 

Specifications 


MoM ,4 a: 1 


C06000 Fam9y ■ 

Fadofa 

14 Pin DIP 8 Pin DIP 

14 Pin DIP . 

Frtqaaacy Raapa 

250 KHz to 80 MHz 

SOOKHztolS 

RiS: 


n 

Titepintin Raogt 

:•••••? Opcntmg: 0* to *70* C 

Storage: 


BE33 

5VDC±05VDC 

5VD0t'0i^E 

CinM 

•;(w» 

6flmA-250KHz to 2.999 MHz 
: 35mA -3 MHz to 31.999 MHz 

. 45mA - 32 MHz to 80 MHz 

20mA - SOOWfetaS 
30mA-20.000 

40mA-35.000 MHlfiJ 

Mpat 

>* n 

Syintaatiy 

‘ . 40 to 60% Nornul. 

45 to 55% Tight 01.4V DC 

40 to 60% No^ 
45 to 55% Tighter 

. Rita 

r.; aai 

. v fall 
Tima 

5 ‘ i 15« max - Under 9 MHz 
■ 1 10ns max - 9 MHZ to 32 MHz 
't 160s max-32 MHz to 80 MHz 

10ns-500KHzto^ 
6ns-24.000 MHLtDg 

EM 

■2^ 0.4V max, Smk to 16mA 

+o.svuja%]te 

EUB 

^ +24V min, Source 0.4mA 

♦4.5V (90% Vk 


T 1 to 10TTL Loads 

CL - ISpF (typ) (10TT 


iSflN^ladadw rt ream tdenaca, [emperatari stability mr r C to +7T 


111% pmr apply varirttoe, aplap. shock mi vlbntfea. 

Part Numbering System 

Esawplt: C011864.Q86T 


• ’COl 


Famiy 

C01 - TTl, Fui Sea - 
C013 - TTl, Hai Size 
C06 * H CMOS, flip Sta 
C012-H CMOS, Hal Sta 



108 

... 

- 

4.988 

- 


Frequency Stability 
100-100 ppm 
050-50 ppm 
025 - 25 ppm 


Frequency 
(n MHz) 



Example I 




Symmetiy 
N - Nonna 
(UsuaPyOi 
T - Tight (4 


Stack 

to. 

*; Mk’i 

Typa 



IIK2SM 

ISO 

186U( 

998-1188 

C01100-1.8432 


14 Pin 

3.93 

379 

9961119 



14 Pin 

3.34 

2.80 

996-1129 

BBB? 


14 Pin 

3.34 

2.80 

996-1138 

COflOO-IO.OOO 


14 Pin 

3.34 

2.88 

9961148 


11.05320 

14 Pin 

3.34 

2.88 

999-1158 

CQ1 1 )00-1471818 

1471818 

14 Pin 

3.34 

2.88 

99611(1 


18.43200 

14 Pin 

3.34 

2.80 

9961170 

CO1100-24.000 

24.00000 

14 Pin 

3.34 

2.80 

r 9961116 


32.00000 

14 Pin 

3.34 

2.88 

9961198 

9 

36 00000 

14 Pin 

3.77 

3.39 

9961288 

C01100-40.000 

40.00000 

: 14 Pin 

3.77 

3.39 

9161211 

CO1100-48.000 


14 Pin 

3.77 

379 

9961229 

C01100-50.000 

50 00000 

14 Pin 

3.77 

3.39 

9961231 


66.66600 

14 Pin 

3.82 

3.48 

9961249 

C0110680.000 

80.00000 

14 Pin 

6.56 

5.63 



iCydK t S ppm nn, 0 to 120* C. 3 eyde*. 2 hours 
max. «*, 25 ±2* C tet 
f IOOOG’i 0J5m sac. tai six «m 3 shodo 


J -SOiam DA, 55-2000Hr. 356 s. 


aadicim: 
: 10+55HZ. J 


, 85% DOM kn«Sy. * *95T C, 250 hows. 


Gross Lte Test Mantel 00% Mmdd 
Htfmictly Sated Um sp^tromattf twk 
Padooc KH Mom cc/sac. or hte 

SeOStnnpft: 9km max. torct ptfp. to ti 

8m) Tot WiMtestmf m. tend ‘ 

tortang te c . fpcay, h « n cate . - 
Sotenl fkshtwer bopnapy) O c ofto), Trttihcfe 


Tuning Fork Quartz;Crystal Units 32.768 KHz 


Specifications' *> < 

^ i _ w; 

HotterTypa/Kaa 

108 A-... 

Moarisxl Frtqaaacy Z4* C 

32.768 KHz 120 pgm 

TaiiomT—poat— 

24*C±4*C 

PanbeOc Canrabn Coastatt 

-0JH5 ppm/*C typ . 

utamy nom - \ * ^ 

80,000 typ /50.000 mm 

Eqtinfaot Urks Rashtaaca Ri 

IBKQtyp 

McUomI Capadtaaca Ct 

0.0035 pf typ 

Start CapadtaecaC* -■ 

17nftyp- -- 

Capacftaaea Rttta 

490 typ 

Mottoad tattetaea Li 

7mHtyp 

Afltn(Flratyaar) . 

±3 ppm 

Oparattti Ttrtpantea Ra^a 

-KTCto+eo-C 

Storatt Ttrtparataa Raapa 

-30* C to+100* C 


ato 

{2.72 mm 


R38 


Stack 

Na. 

ME.*! 

1_y*_ 

Typa 

1-24 

26-49 

9962000 

R38-32.768 

1.58 

ITS 


aiir(tOM) 


JMTtLOCM 


IT 

J15*t±JD0U» 

PL0mm{±aZ| 

>' 

3v 

pO0mm£3| 


^euHTMcoH-jxn) 


[j 03Z aw f»0.7)f-QiX| 


Also Available: 

► Microprocessor Crystal Units HC49 Short (AT Strip)' 

;► Microprocessor Crystal Units Suriace Mount • TT-SMD 

>6 "> 

► Clock Oscillators - Dual Output 

► Clock Oscillators - Enable/Disable 

► Clock Oscillators -f ECl Compatible 

► Clock Oscillators • HCM0S Compatible 

► Voltage Controlled Crystal Oscillators : VCX0 

► Temperahire Compensated Crystal Oscillators - TCX0 

► Monolithic Crystal Filters 

► Ceramic Resonators - 200 to 800 KHz, 2.000 to 12.000 MHz 

Raftron manufactures one of the most complete product lines of frequency nn 
components including high quality crystal units, oscillators, filters, and cr 
onators both through-hole and surface mount 

Because the product line is so complete, the inventory so large, Raltron anc 
offer pricing that is always competitive, and often far lower than the competiti 


Call Your Nearest Allfed Location (1-800-433-5700) For Quick. 
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PHILIPS 



■esistors and Kits 


erie ' Commercial SMD Chip Resistors 


>e surface mounted chip resistor consists of a glass passivated thick film resistive paste screened onto a high purity alumina 
ramie substrate. The nominal resistance value is achieved by varying the composition of the paste prior to the screening process 
d by laser trimming the film after it has been screened on To insure mechanical and environmental integrity, the chip is covered 
th a silicon based “procoat." The conductive layer consists of a precious metal and a wrap around termination is deposited at 
ch end to allow mechanical and electrical attachment. These chip resistors and adaptable to high speed automated mechanization 
sembly. They allow excellent pnnted circuit board density as well as utilization of both board sides. Zero ohm jumper available as 
stom order in full reels only. 


5 'FJ SEI Electronics Inc. 

M , KHWHW.Y STACTCPOLE ELECTRONICS INC 


- prelKtta coal (ovarian) 

- resistor lantr 
-iBnir iltctrodi 
~ sod termination 



Stock 

No. 

Mir. 's 

Philips 

Tol. 

Wattage 

Value 

Value 1 

Dimensions (In.) 

PER 

Type 

No. 

% 

@70°C 

Range 

Chart 

A 

B 

C 

0 

1 E 

1-5 

297-91XX 

9C1206 

9C12063A-FK 

1 

Vs 

io a to i m 

0 

126 

.063 

.023 

.016 

.020 

3.73 

297-93XX 

9C1206 

9C12063A-JL 

5 

V* 

io a to i m 

c 

126 

063 

.023 

016 

.020 

2.76 

297-95XX ! 

9C0805 

9C08052A-JL 

5 

Vio 

ion to i m 

C : 

079 

049 

.024 

.016 

.016 

3.31 

297-96XX 

9C0805 

9C08052A-FK 

1 

'/id 

ion to i m 

D 

079 

.049 

.024 

.016 

.016 

4.08 


6-25 


hart C 5% Values 


Ohms XX 

Ohms 

XX 

Ohms 

XX 

Ohms 

XX 

Ohms 

XX 

Ohms 

XX 

Ohms 

XX 

Ohms 

XX Ohms 

10 10 

39 

18 

200 

26 

470 

34 

2700 

42 

5600 

50 

30 K 

58 

100 K 

66 390 K 

20 12 

47 

20 

270 

I 28 

560 

36 

3000 

44 

10 K 

52 

39 K 

60 

200 K 

68 470 K 

27 14 

56 

22 

300 

1 30 

1000 

38 

3900 

46 

20 K 

54 

47 K 

62 

270 K 

70 560 K 

30 16 

100 

24 

390 

1 32 

2000 

40 

4700 

48 

27 K 

56 

56 K 

64 

300 K 

72 1 Meg 


Series 9B Precision MELF Surface Mount Resistors 

The MELF resistor consists of a high alumina core on which metal film is deposited. A cap is applied at each end and the resistor is 
spiralled to value. The resistor is then coated, color coded, and end caps treated to facilitate soldering. Zero ohm jumper available 
as custom order in full reels only. 



Dimensions (In.) 


PER PK./1000 


2. n X 91 

297-q iXX 91 

rtD 1% Values 


9B08052A-FC 

9B14064A-FC 


10 Q to 1 M 
10 Q to 1 M 


Ohms 

XX 

Ohms 

XX 

Ohms 

XX 

10 

03 

49.9 

15 

200 

27 

15 

06 

75 

18 

301 

30 

20 

09 

100 

21 

499 

33 

30.1 

12 

150 

24 

750 

36 


SCO Chip 
Resistor Kits 


Economical Pricing 

Great lor Engineering Labs Or 
Prototyping 

Packaged In Plastic Boxes 



1 11 IIP P f 
imp jrr 
I? ir,r, T 


Thin Film Kits 


Thick Film Kits 


0805 Thick Film 5% 

Provides MC0805 5% parts. 122 values, 10 pieces each. 10 Q 
to 1 M (including zero ohm) in 200 ppm parts. 1220 pieces 
total. 

849-5000. 0805J10.EACH 55.89 


0805 Thick Film 5% 

Same as above, except 50 pieces each, 6100 pieces total. 
849-5005.0805J50......EACH 116.65 


0805 Thick Film 1% 

PnM^ MCR08051% parts, 72 values, 10 pieces each. 10 n 
to * ^ ppm parts. 720 pieces total. 

84^^08Q5F1Q.EACH 58.50 


0805 Thick Film 1% 

Same as above, except 50 pieces each, 3600 pieces total. 
849-5015. 0805F50. EACH 137.07 


1206 Thick Film 5% 

Provides MCI A 5% parts, 24 values, 10 pieces each. 10 Q to 
1 M (including zero ohm) in 200 ppm parts. 240 pieces total. 
849-5020. 1206C10. EACH 25.00 

1206 Thick Film 5% 

Provides MCI A 5% parts, 122 values, 10 pieces each. 10 n to 

1 M (including zero ohm) in 200 ppm parts.1220 pieces total. 

849-5025. 1206J10. EACH 55.89 

1206 Thick Film 5% 

Same as above, except 50 pieces each, 6100 pieces total. 
849-5030. 1206J50. EACH 115.00 

0805 Thin Film 0.5% 

Provides BLU-0805 0.5% parts, 97 values, 100 pieces each. 
10 a to 100 KH in 50 ppm parts. 9700 pieces total. 

849-5035. B0805D100. EACH 915.00 

1206 Thin Film 1% 

Provides BLU-1206 1% parts, 106 values, 100 pieces each. 
10 fi to 240 Kn in 25 ppm parts. 10,600 pieces total. 

849-5050. B1206F100. EACH 1725.00 


SEI Kits 



Surface mount thick film chip resistor design kits for 
RMC-Vs (1206 size) in 5% and 1% tolerances, RMC-Vio 
(0805 size) in 5% and 1% tolerances and RMC-Vie (0603 
size) in 5% tolerance only. Kits have 30 samples per value. 
5% kits have 60 values (E24) and 1% kits have 120 values 
(E96). Kit includes product specifications, packaging 
guidelines, performance data and the chip samples. 
Replacement parts available in 1000 piece bulk packaging 
or 5000 piece tape and reel. Packaged in plastic notebook 
pages in three-ring binder. 

894-C100. RMC-Va. 5% 1206 kit.EACH 79.00 

894-0105. RMC-Vs. 1% 1206 kit.EACH 115.50 

894-0110. RMC-Vio. 5% 0805 kit.EACH 79.00 

894-0115. RMC-Vio. 1% 0805 kit.EACH 115.50 

894-0120. RMC-'/ie. 5% 0603 kit.EACH 107.75 


Depend On Allied For The Latest In Industrial Electronics Components 


ALLIED ► 1153 
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PHIL1PS 


Monolithic SMD* Chip Capacitors 

► Monolithic Construction 

CMC Case Si ze Dimensions — Millimeters (Inches) -___- 

'easel Length 1 Width 1 Height (H) | Tern. Widlh jP) 

Size (L) (W) 

0603 1.6 ± 10 0.80 ±.10 

(.063 ±.004) (.032±.004) 

0805 2.0±.10 125 ±.10 

(.079±,004) (.049±.004) 

1206 3.2 ±.15 1.6 ±.15 

(.126 ± .006) (.063 ± .006) 


Ceramic Cap 



0.25 0.65 

(.010) (.026) 






Temperature 

Coefficient 




Tolerance 


Ceramic Dielectnc 
Inner Electrode 


inner Termination (Ag) 

Nickel Plated Barrier Layer ' 


Tffi/Lead Plating 


PER REELl 


748-5002 

748-5004 

748-5008 

748-5010 

748-5012 

748-5016 

748-5018 

748-5020 

748-5022 

748-5024 

748-5026 

748-5028 

748-5030 

748-5032 

748-5034 

748-5036 

748-5040 

748-5042 

748-5044 

748-5046 

748-5050 

748-5052 

748-5054 

748-5056 

748-5058 

748-5060 

748-5062 

748-5064 

748-5066 

748-5068 

748-5070 

748-5072 

748-5074 

748-5076 

748-5078 

748-5080 

748-5082 

748-5084 

748-5086 

748-5088 

748-5090 

748-5092 

748-5094 

748-5096 

748-5098 

748-5100 

748-5102 

748-5104 

748-5106 

748-5108 


0603CG100J9B20 

0603CG18CJ9BB0 

0603CG220J9B80 

0603CG270J98B0 

0603CG470J9BB0 

0603CG101J9B20 

06032R331K9B20 

06032R102K9BB0 

06032R222K9B20 

06O32R472K9BB0 

06032R103K9B80 

06032F103M9B20 

06032F473M9B20 

06032F104M8B20 

0805CG100J9BB0 

08O5CG15OJ9BB0 

0805CG22OJ9BB0 

0805CG270J9B80 

O805CG33OJ9BB0 

0805CG470J9BB0 

0805CG56QJ9BB0 

O805CG680J9BBO 
0805CG101J9BB0 
0805CG221J9BBO 
0805CG271J9BB0 
0805CG331J9BB0 
0805CG471J9BB0 

Q805CG102J9BB0 

08052R102K9BBO 

08052R472K9B80 

08052R103K9BBO 

08O52R473M8BB0 

08052R1Q4M8BB0 

1206CG220J9BB0 
1206CG270J9BB0 
1206CG330J9BBO 
1206CG470J9BB0 
1206CG101J9BB0 
1206CG221J9BB0 

1206CG331J9BB0 
1206CG471J9BB0 
1206CG102J9BB0 
1206CG222J9BB0 
12062R102K9BB0 
12062R1Q3K9BB0 

12062R473K9BB0 
12062R104K9BB0 
12062E103M9BB0 
12062E473M9B80 
12062E104M9B80 
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Products Hot Cataloged Are Available—Call 1-800-433-5700For Price Am 
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